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FILE 1 MEDLINE, EMBASE, BIOSIS, CAPLUS, CANCERLIT, SCISEARCH* ENTERED AT 
10:54:23 ON 25 FEB 2002 



LI 3354 9 S CERBB2 OR C-ERBB2 OR CERBB-2 OR C-ERBB-2 OR HER2 OR HER- 2 
OR 

L2 2427006 S ANTIBOD### 

L3 4126 S LI (10A)L2 

L4 9591 S BISPECIFIC OR MULTISPECIFIC OR BI-SPECIFIC OR MULTI-SPECIFIC 

L5 242 S L3 (30A) L4 

L6 104 DUP REM L5 (138 DUPLICATES REMOVED) 
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Cancer Immunol. Immunother. (1994), 39(1), 41-8 

Proceedings of the American Association for Cancer Research Annual Meeting, (1994) Vol. 35, No. 0, pp. 219 
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Jennifer Hunt 

Patent Examiner, Art Unit 1642 
CM1-8D06 (mailbox 8E12) 
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Development of Htmi^mr^i Biipedfk Asstifecdiss 
Reactive with Cytotoxic Lymphocytes and Tumor 

Cells Gv&eexpwmng die HOK2 Fffft&oiicGgeiis 

By M. Refaat Shalaby,* H. Michael Shepard* Len Presta,* 
Maria L Rodrigues,* Peter C. L. Beverley,? Mate Feldmann,! 
and fttul Carterf . v ^ ; s 

From the •Departments of Cell Bwbgy and tPtoiem Enpneerm& Genettfcck Inc, SeuASan 
Franduo, California 94080; and ^Imperial Cancer Research Funa\ London, WWFE; and 
h he Charing Cross Stmley Researth Centre, London, W6BIW, United Kingdom * ' : ? ■ 



The HER2 protooncugene encodes a 185-kD transmembrane phoipbo^ycoprotein, homaa 
epidermal growth factor receptor 2 (pl8S tSER2 ) f whose amplified expression on the cell surface 
can lead to malignant transformation. Overexprcsion ot fffiR2/pl85 HBU is strongly correlated • 
with progression of human ovarian and breast carcinomas. Rscent studies have shown that human 
T cells can be targeted w>h bispecific antibody to react against human tumor celk in vitro, 
We have developed a bispecific F(ab / )2 antibody molecule consisting of a humanized arm with 
a specificity to pl85^ linked to another arm derived from a murine anti^SIXJ monoclonal 
antibody that we have cloned fro The antigen-banding loops fiat the anti- 

CD3 were installed in the contort of human variable region framework re^due^ 
a folly humanized BsF(aV)2 fragment. Additional variants were produced by replaceme nt icf 
amino acid residues located in light chain complementarity determining region 2 and heavy chain 
framework region 3 of the humanized anti-CD3 arm. Flow cytometry analysis showed that the 
bispecific F(ai/)2 molecules can bind specifically to ceils ov ere xp re s sing plSSgP 2 and to normal 
human peripheral blood mononuclear cells bearing the CD3 surface market In additional 
experiments, the presence of bispecific F(ab*)2 caused up to fourfold enhancement in tfe cytotoxic , 
activities of human T cells against tumor cells overexpressing plflS™* 2 as determined by a ^KDr 
release assay. These bispecific molecules have a potential use as therapeutic agents for the treatment ; 
of cancer. > 



Recent studies have revealed an association between over- _ 
of the HER2wotooncogene and theprogR?- -\ 
sioh of breast and ovarian carcinomas accompanied by wor- ; 
sened clinical outcome (1-3). HER2 encodes a transmem- 
brane phosphoglycoprotein receptor tyrosine kinase with an • 
appinxiinate molecuW " 
amplified expression can lead to malignant transforation 
as determined in soft agar assays and in nude mice mpdeL 
(4, 5). Thus, HSR2 nay play a crucial role in the tumorir 
genesis of breast and ovarian carcinomas in humans (2). Of 
relevance, cells ove re xpr e ss ing HEltf/piSSP** 2 exhibit more 
resistance to cytotoxic effects of monocytes and TNF-or, a 
cytokine chat has direct antitumor activities and is thought . 
to mediate inunune cell lrillmg of tumor cells (5). 



Mttmrims used at <fe> paper: BsmAb, bispedfc mAfc FR, fiaoeworit 
region; fan, >■« pl8S^"» human qmVfnul growth actor ie* 

ccptiox 2. 



; Bispecific mAbs (BsmAbs) with dual specificities fa tumorr 
a^cciated astigens on turner cells and frf s«rfe** tnarfoeri 
on immune effector ceBs have been described (6, 7). These 
BsinAbs have been sh^ 

gering effector cells to kill tumor cell targets (8). One ap- 
proach to produce BsmAb invokes the fusion of two mAb- * 
producing hybridomas to form quadromas that secteteBsniAb > 
in addition to undesirable chain combinations induding pa- 
rental mAbs. Another approach utilizes directed chemical 
coupling of Fab* fragments from two difierent mAbs to as- . 
semble a BsmAb with the desired sa^^tks (9). Limita- 
tions associated with such approach es memdethe ability of 
rodcxit-ocriytu BsmAb to okit immune reipoinc in hu&iaas. . 
To this «nd, genetic engineering frchmqnrt have been ap- 
plied to production of less irs munogemc "iramamzecT anti- 
bodies (tO, 11). Recently, .rve have described the Inimaniza- 
tion of murine mAb 4D5 (mumAb4I)5), which is directed 
against the r7rtrrr*M*T domain (BCD) of jiUSF™ 2 . The 
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hamacbed (bu) aniibodjr, humAb4D5-S\ consists of tbe 
antigeritadinghg^^ 

m Ab together with human variable region framework residues 
and constant domains (12). 

In thhrenort. we describe the production of humanized 
BsFfd/); reith specificities toward the extracellular domain 
of and the human T cell surface marker CD3. 

Thus, one arm is humAb4D5-8 and the, other a humanized 
version of murine anti-CD3 mAb, UCHtl. Our approach 
involved separate Escherichia coh secretion of each Kb' fol- 
lowed by directed cjemical coupling reaction in vitro to form 
the BsP(al/)2 fragment. Data are presented demonstrating 
the biological properties of these BsF(^ .molecul 
eluding the specific binding to cells c^erexpressing pl85?P^ 
and to" normal human T cells; and their ability to trigger 
the lytic activity of human CTL against breast, tumor targets. 



Materials and Methods 

Clmting of AntKn)3VariabUR£gion Genes. Tae mumAb and* 
GD3-produciDg hybrids UCHTI (13) w 
of mRWA (14). Tlie genes encoding mumAb ami-CD3 variable 
^ftmimig were isolated by PCR amplication of mRNA as described 
(15) NHrtenninal sequencing of mumAb anti-CD3 light and 
he^ chams was used to design the sense strand PCR printers, 
whereas die antisense PCR primers were basetl upon consensus 
sfcjier^ 

tion sites for directional cloning show n by u nderHning and listed 

'^^ -seOTencesf V, sens*: 5 P TVT$ £C£&.GT hC£& 
iGACATC 

CTCGCTGGGCGAY3', Afld; Vt antisense, 5 r TTTGCATGCGT- 
CTTTCGGGTAGAAGTTGT^ 3\ Sphl; V B sense, 

y AACGCGTA CGCTCARGTSCARCTSCARCARTC 3 V 
and V B antisense 5' GGCAGAGAK^AG GGGCCCG TCGAIA- 
GACAGA^^ Y - T or Q R Aor G, and 

. S "? , C. For each variable domain, the products from t^ in^epen- 
dent FCR reactions were cloned into the pUCtt?-bsiki phagemid 
pAK2 (12), and a total of at least five clones was sequenced by the 
didecxy method (17). - 

MoitadarMoMng and Construction of Humanized mAb AntXpj 
Genes. , Humanizadon of mumAb anti-CD3 by installing CDR 

, residues from tl^ murine antibody into the context of consensus .. 
human FR sequences was performed as prewously desofl^ 'ior 
"miiHs^I^ aassAb 22ti:Cp3 was fcmis^si by 

judicious recruitrnent of corresponding CDR residues and a few 

' ' FR icsxdtics into the huinAb4D5-$ molecule; DufcitJikici t*i Wees 

" mumAb anti-<3>3 and the human co^ 
l)weremdrviduaty^^ 

: on CDR conformation and/or binding to CDS, Genes eticoding . 
humAb anti-CD3 variant S V, and V. domains were assembled 
by gene conversion mutagenesis of corresponding humAMDS gene 

, segments cloned in pUC119 (12) using 246-mei and 233?mer p«a- 
sembkd phgonocleptides, respectively. Briefly, sets of (our conttg- 

' new oHgonudeodda were designed to create humAb anti-CD3 
V« and Vt utilizing codons commonly found in highly expressed 
fi. «fc genes (see Kg. 1). These oligonucleotides are 54-85 residues 
in lenath. 7—17 mismatches to the humAb4D5 template 

and are constrained to have eight or nine perfectly matched fesiducs 
at each end to promote efficient annealing and Kgatk-a of adjacent 
d^u«dik ksdss. Tig ttb of 

annealed to corre spon ding templates, and Hgatcd. FuIMength 



oligomers were isolated after ekctropboresu on a 6% acryLumde 
sequencing gel and 'hen used for aa efficient mutagenesis proce- 
dure (12). Clones precisely encoding mcmAb sntKID^V a and 



Vi (Fig. i) were identified by nucleotide sequencing (17). 

Additional humAb anti-CD3 variants were desi gne d in which 
one vi nioxe.uiuiiiiu* «iu*uuj ic^tuu^ ^uc a^um** vj. ****** 
lauziaz 'counterparts is Cfder to test their role in si«tinen binding, 
namely V H K73D and/or V t R53S (a single letter code for the 
original amino acid followed by the residue number according to 
Kshbat et aL [16] and then th: amino add repbeernsst). The run* 
rine V a residue; K73, is located in a loop that is doie to heavy 
chain CDRs HI and H2 (Fig. 2), and migh* be involved in antigen, 
bmdh^. In contrast, our huniAb 

this position as they are derived from a consensus sequence of Vi 
group III, which is the most abundant human group in : t^ 
btzen cf Kafe et aL (1ft. Vt residue 53 is an arghire in mumAb- 
antiCDJ that is located towards the 1 COOH tenninus of CDR 
L2 and may be able to reach up and assist in anttgen^'omding wnile 
also interacting with the phenyl ring of V t Y50 (see Fig. 2). In. 
our humAbs, this residue is normally a serine derived from a con- 
sensus sequence of V x k subgroup I, which is the most abundant 
nuuiaii light chain iubgrcup (16). These additional variants vrere 
generated by ?n efficknt site-directed mutagenesis; method (18) using, 
the ohgoiiucleotidcs: .1 

1 S' AAGfCGTOG^^ 

GAATTCT CKX3GlXKnG 3V , V/ ^ "7 v 

, EcoRI \ ■ > ■ :. ■ ; < j . ^ 

where an asterisk mdicatesa rmsmatcb and unique restriction ate} 
..introduced are urtderlined. ~: : .-;zy 
ft V, Fragment Expression fit fa 
variants. ' "vk pfeviouily docnl>cd the sector, pAK19 f fear t^t ^ 
cosecretion of huniAb4D5 light chain and heavy chain R4- ftagr ■ 
ments from B coU (19), which is available upo .equest to the : 
' authors. Briefly, the f^-expression unit is dkistroric with* both 
chains under me transcriptional control of the jdbA promoter (2C), 
ends with the bacteriophage. X <b transcriptiprial terrnmator (21) 
anducbiiedbetweentheEcoRIandHir^ 
The hunuriized Vi and V w domains ^12) are precisely fused on ■ 

U rignal sequence (23) and on their 3' side tc human «! (Q (24) 
iid IgCl (Cil) (25)»jmHowed the hJn^.ieotito 
• (19) coostant domain^ respectively; Chimeric and humanized ver- 
sions of mumAb anti-CD3 Fab* were c<mstnicted by r^recisely- 
replacing: gene, segments encoding humAb4D5-8 y t and- V Q . in , : 
pAK19 wim approrrote genes enoodmg niA 
V H variants by subdouing (26) and siteHmxcted.mutagenesis as oV 
scrs^ (12)^ l^V Gragm a phaM^rcsutanr 

derivative of £ coU tonap, RV308 (27) at higb cell" density m the , 
rermentor as previously described (19),. \ : C \l 

CowtoctionofRispi^ fy Intact and function- 

airy active burnAb45U5-d Pab' has been recovered from £ coh Iter- 
nsentatasn pa^sss ^rith the unpaired hinge cystei ne present malsiy 
(75-90%) in the labile-rree thiol form (ftb'-SH) by affinity 
purification using Streptococcal ptotem G at pH ^5 m the p« 
ence of 10 mM EDIA (19). The anti^3 inAb Fab-SH was re- 
covered by similar procedures and reacted with 5,5'HfithioHs (2- 
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mtrcieazok arid) (DTNB) (28) to form the dnOTttrobetwoate 
derivative fFaV-TNB). The construction of Uspedfic (Bs) F(ab> 
fragment* was completed by directed dsemka! coujfeg (29) of 
ItfATOTtovatterfthea^ 
SFLBntotec^ 

rH fbv SH content) were coupled at a combined concentration 
of 2S mg/ml in the presence uf 100 mM IKs-HCl, pH 7.5, 
awl 10 oiM EDOA Tor 1 1 it 37 a C. Th* leiddsg BsF^ ^ 
ments were isolated from the coupling reaction by S100-HR ffA 
fltration (Pharmacia Fine Chendcals, ?iscataway, NJ) in the pres- 
ence of PBS; The BsF(ab> samples were passed througji a sterile ■ 
filter and stored either at 4°<C or flash frozen m liqnid 
nitrogen and stored at -70°C untfl used. / 

Cell; Lines. Breast tumor cell lines SKrBR-3 , and; MDrVMB- 
175 were purchased from the American Type Culture Collection 
(PUxic^ MD).NR6/10 cells (NIH 3T3 f*roblasts overonTnessm^ 
pi»y Fr> were obtained £tom Dr. IX: Slaiuu^, University o*. ; 
California (Los Angeles, CA), With the exception of MDA-MBV. 
475; these cell lines overexpress HEk2/plS¥*** as.repqrted (3). 
The cells were grown in an equal mixture of DME and F12 Ham 
(Gibco Laboratories, Grand Island, NY) supplemented with 10% 
heat-inactivated (30 min. 56°C) FCS.2mM L-glutainine. 100 U/ml 
pcdculin, and 1W^^ (com- 
plete medium). * - ■'■*•> • /■ ' * 

Human Cytotam Lymphocytes. Blood of normal volunteers was , . 
drawn into heparinized syringes, mind with an equal volume of' 
PK lajere^ onto Ifoil/Hyijaque gradient (specific gravity 1077) 
; anefcent^^ 400$. The separated bandof PBMC 

was aspira ted, washed three times in ice cold PBS, l and resuspended : 
. - : in complete medium. PBMC were' depleted of monocytes by ad- ) 
- herencV^ * o^mmplaW^ 

(Abridge, rV^) at^ 

activated by incubation in the presence of IL2 for 24 h and were 

used as effector CTL against s, Cr-laoeled tumor targets ma 4-h : 
^?^,reiease cytotcoociry assay (30). in soine ex|^^ 

^ against targets prepared by PHA blastogenkstim-^ 

uktion of PPMC obtained from tfc s^ 
. as detailed previously (30). 1>; • " 

: : / Cytotoxicity Aisa} SK-BR-3, or NR6/10 cells (3 x Itf/ml), 

were labeled with .150 pti of Na/JCrO* (Amenham Corp,, 
: - Arnngton Heists, IL) for 60 min, washed, adjusted to 10* ceus/^ 
. 50 id of complete medium, and dupensed into round-bottomed . 
\ •.■ rmootiter plates containing quadruplicates of yariom numbers of 

efTectpr Cits jn 100 id of complete me^ium^^ 
r ti^as ofjfs JF(aV)a fragments alone or ini^.withplte^ ECD^ 
'J were then added in 50-ul volumes (final volume per. well 200,, 

id) and the plates were incubated at }3j£Cc&*& :£Q*i ^» * 

-^tJte'strpeimtaiBt* were liarvested (Skatron Incl, Sterling, VA), and 
... Uot raAoactrvi ty was determined using a gairmia counter (Micro-,. 
\ medic Systems, Inc., Horsham, PA), fm^^tx^^^ cal- 

culated as follows: percent cytotoedcity -^lOT^JA:- ^B)/(C - 

Bj;.. where A-v^aseats the/mean counts per minute^ (cjnn) in test 

mpefnatants, B represents the tnean cpm n? supernatants of targets ; 
• alone (spontaneous s, Cr release), and 'Ct^siii^'^.nm cpm 
. , in^pernatants of targets lysed with;l% SDS (ma^dmum "Cr 

'release).' ' " . ' * :■. > /'- -» * • 

byromeicritf ^ W ; 

..^mmM in either PBS + 1% FCS (PBS + 1%) or PBS 
+ 1% containmcr criimerk or humanized BsFlarAs (10 ae/ml). 
11m cek were mcubated 

+ 1%, ar«l stained witii rm<»^^ tianFab 
(Bgo Inc, Burfingame^ CA) 
the btateg of Bs^abr^ bmo^ 



antibody in the absence or presence of soluble plSS*™ extxacfi- 
lulax cVnnain rneparaticn of the plo^* 2 , or rCD4 receptor as a 

yg^ge^rolffl^rsfo 

reagent. The stained orfb were washed lour tima m k&coU PBS 
+ 1% and analyzed using a FACS* flfceton Dkldcson & Co^ 
Mountam View, CA): 1^ 

measurements were peTtormed on a angle-cell basis and were dfe- 
p!~d « fwqgp^ #<tnr^ cells and debris 

were gated out ofthe analysis on the basis of ^cyrward figjbt 1 



Results -^j ; ';;- v ^ '< ' A ' 

* segmfrttj encoding mumAb anti-CD3 y i and V a wot first 
dc^py^f^ UOHtl, 
snd sequenced (Eg. 1). Nest, ±t d^s^ ^^iss±^ 
amino^d s used to 

; desien a humanized variant of mumAb ahti-CD3 (vl) (Rf> 

2) as^previously desaibedfammnAb4D5(t2)^ 

genes for humanized anti-CD3 vl were created by gene con- 

version mutagenesis (12) starting feenn hssmAb4x^^ gaies asd 

• using long ©reassembled oligonucleotides (Eg. 1):^^ detailed 

"ants were croted b^^^ 

^m^baiiti-CD3 wth t^ buma^ 
irrvestig^te their, role m antigen bindui^;!^ 
' anri-CD3 v2 and v3 Jri^^ repbcement$ y B K73D 
; and Ni R53S^ ^ r«p^dv%, whereas v4 includes b^bf these 



Pnpamti0nofBsF(atf)2 Fragments. have rncvimisfyde-:, 
scribed the secretion of functional humAMDS Ear/ fragments 
ffom£rofiattiteK 

fiLISA aftei on Stap%!^^ 

: A (19). Chmenc ard h^ were 
expressed in :^nw'..iim (pAEU9) at titers of up to 400 
mg^teiasj^^ 



iriainly (75-90%) as the thk4 ^-SK). This was achkrod 

byafcitypuiifkationoflW 

at F H 5 to inamt^ the tMolm 

form and irj ^ tht raesexxc rfEDIA tpchdateriiie^ 

of catily^ c&i^^^r^ 

were then bo^ ehea m al cburumg iii vfero 

ofhum^bS^^ 

ccsfcue: of Brennan at (29). itf/m arrri of theBsF(ab^ was 
always i !'t£ie' pobsant hnmainiCTd. anti-plBS^ 7 yariari^ 
rSevioiis^ 

ECD trir^ld more the murine parent Ab^(^ 

. The other arm was either a chimeric or Ditmanized variant i 
of the anri^3 mAk;^ in this text the term chi- 

meric BsF(al/)2 refers to a molecuk in which one arm u the 
humanized anti-plSS™* 2 and the other arm is the clumerk 
anti-CD3; and the terms BsF(ab> vt ' ^3; and ^ de- 
scribe a'molecw m wh^ « atiii. is ui tffl^ilro l 



p^y*»i arid ritt other ann is Bninarri2gd amo-ciyS 
BsF(ar/)2 fragments to NRS/10 ceils omtsrjressmg HER2/ 
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20 



CDR-L1 



40 




• .. . ,-..-.* 50 60" .^.Ll . -7—1 J •_ 70 < V. -80 •■ ■ 

GGMCIGTr^^ 

h a - " x t. L I v ¥ * S R Jl* E S G V P S R F S G S G S G T D 1 > Y • h T I S i! &^_L_Ji D " 



gs^gcagrtcc*gcagtcTCGACCTG^ 

Y V Q L Q Q S G P E I» V K P G A S M K„, I 

• • * * * #*<* 

E V. Q L V B„g_,g__Q_ *LJf— *L JLsl' G G 5 L R- L 




•30 40 
S FTGYTMNW V K Q S B 



^ACTCCrTTACOTO k 



„ - . . 70*'*- " - ..' - 80 

!AAO»GAAGTTaUtfKauaUU3G^ : 

Y - H Q -K P K iD , K & ..T, L >*T,r V ; O K ; S S ; S *'T.V*A". T, " M i E v 

P Y K : G yh T / ' T ' ' ' Y** A D S' V IC' G .-R %" I^S 1 V D , K S K VH^^A^ T?h£ 



V ■ : ^ 50 a ... 

. GGAAAGJUUXTTGAGTGGAIGGGACTTATTAATCOT 
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jplgy^M was invci tigated by flow cytometric analysia (Kg: 
; 3).;dzh^k SsF(ab5s ags&sad; bcuiid to calL 
shoro by a ii inten- 
. sity compafid with background lwd (A. and B). -The prcs- 

of piKP^:ECD (50 ^ig/ml) in the bincU^ 
- reduced the Hn<hng of chimeric BsF(ab*)2 almost to back- 
^o^ level (G), whereas addition of an irrelevant soluble 
receptor (rCD4) at a inmilar concentintioh did not interfile 
thebmding (D). These results demonstrate the sperificity 
cS chimeric BsF^ab^ binding to cells o ver e xpr e s sing 
plW 1 ***. Sfiiilar i results were obtained using BsF(ab r ) 2 
?W4. " " " " ' 




" Kgu^'l AmiTO>ad and m TcV^ n ^ scquoi^ of muniAb antHCD3 and hu^b ana<^3 >^an: 1 v! ^ V B (B). Aminb^idds ^ a^;nwpr ' . 

/ beted using ; r the scheme of Rabat et gl ;(t^> tt 1 >^™v^a^ ^feth^t m V doiaaui lengths. For aomple. die residues between V B potions 82 and 
, 83 are designated 82a; B2b, and 82c, re sp ect i ve l y. The 5' end of mumAb anti-CD3 arid V H nucleotide sequences are derived from tlw corresr^nding 
• PCR primen and are identifeed by lower case (see Materials and Methods). Amino arid sequence difee^ HumAb anti-<3)3 r 

are ! sl»vra'byanen^ : .a^ residues that w&e r^laced in gener-^og additional homaffiyd .varisni^ aW moacated by pound signs' (see text)^The CDR . 
residnes accordu^ to sequence (16) «d structuial (33) jt&M'rc are shown fay ov^Hism label, respectively.; Genes jenV 

coding humAb anti-CD3 V t and V H viruux 1 ^'were created by gene^ conversion mutagenew (12) of corresponding mumAb4D5 ger>^ usin^ scts of 
fepr ^tjgt^H ~\j~~,~>}-**;<i~ y j«A a>y t^CTi far arrows tdew the scqsences (see Materials aiid Mclcodi). w ; ^ ^ 

' (Fig. 4; I kfipin contrast; there we?e significant difi^rtnees 
in the l>muI^K curaemy bt these molecules tx> human CTLs. 
0 QiinieM Bsi^aV n?o?t ffetfe' is biediag * 

• (Kg. 4,;^ vl (Q^ y3 (E), and , 
v2 XD) f a$ reflected by difierent peaks of feSiorescence intenait 
ties: bstiab^ v4 antibody was least effective in its binding • 

- tbcytotriickiymp 
anti-CD3 arm of the BsF(aV)a fagmente profouTKDy altered 
its binding to=^phocytes.V : , ; = - ^> ^ ^ 4 : : V 
Targeting of Jhmm CeD Kitting by RiFfd^ Fragments* 
The killing of overexpressmg pl85^ 
breast tumor ceDs SK-BR-3 by activated human cytotoxic lym- 

• phocytss tos aozoiscd is chc presence of various doses ;of 
Ssx^ao*)?. and pmunmaty results indicated that as little as 
lOng/ml fdumewBsi^al))2ori^ 
to cause maTrimal enhancement in the cytotoxic activity of 
CTLs. This dose (10 ng/ml) was used to compare the ability 



a jJUt'^^ui rar^# 



m1 >a mm wot 



to' breast tussor SK-BR-3 cells* AD Bs F(aP*3 fragments 
bound to SK-BR-3 cefls with equal emciency as anticipated 
siiicetheami^iSS 1 ^ arm is identical in these molecules 
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:flrariiarii^^ 



of chimenc BsF(*')2 to enhance the cytotoxic activity of t 
CTL^th e^of^ 

&tion-of 10 ng/ml of chimeric &E(aK)2^^(^)bt^l;'. or ^ 
caused'a 'thi^ to fourfold enhancement of ^the cytota^yy 
irihn3f CT£s agjamst aC-BR-3 breast tumipr <*lis J (IHg: 5^4) ■ ; 
whereas rcli» %; pfie3eii«/tf -BisF(al/]3 y2 or v^'ii^jm-'in:np,«- ^ ! 
hans^entrabcw control val«^ by 




B^F(abVH^^ reverb by the addition of pl85?^H ECD 
to the assay^ mixture (Fig. 4> 4) demonstrating the specificity 
; of antibody action.^Jhe results from an mdepehdenrexperi- 
ment ^g.i 5;B> demdm 

consistently; enhanced the-funaion of CTXs agam 
; 3 targets kppwn J to r overescpress 'pOTO? (64' re /:/tg:c^;prori 
tein; 3» /12)>but^-had no effect on the cytotoxicity^ ;C3is 
against MDA-MB-175 targets, which repress lew to moderate 
levels of plSS" 0 " (7.7 pg/jtg cell protein; 3, 12). These 
results demonstrate the efhea^ of chimeric BsF(ab r ) 2 yl. and 
v3 in directing cytotoxic lymphocytes to kill breast tumor, 
^target* Overcxprefsing p!**" 1 * 2 but not twjjcte witb low 
pjoy^orji^ibn. The cytotoxicity data'(ttg. i A)' tone- 
^^^^JA^'&i^^^ 4) in that BsF(ab^i 
v2 and y4j^ni^^ in binding to cytotoxic 

lymphckyiei tiled to direct tumbr cell killing in the cyto- 
toxicity assay. None of these BsFtab^ molecules affected the 



* Figure 3. cytometric { 

an3>sisof^6/10c^tK>UDclto 

.chimeric BsFfabV CeB$ woe in- 
culated with P6S'(i4) v duuteric 

mixed «Hth ptiSS"^ FCTY {CV 
or danienc BsF(aj/}: mixed with ,] 
recombinant CD4 (D) oefbte ; 
with goat anti-human 



tori fv 5 ^A r prrc i 



*L\ 

-j - o- --~ /- 



induced olastbgenic targets derived from the same donor, 
demommting tliatjthese BsFtab^ do - ; ^t\diedMte .tK?,Iyrfs>-; 
of normal autologous .lymphoid cells. : ..;>;>.. : ;*: . < 

Discusses : \ y-s y : r-'- -V' , 

Considerable progress has bem 
ment of BsmAbs as therapeutic agents for human cancer 
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, Figure 4. ^Jcytometric analysb of.tne Hading of BsF(afar)a i anti- 
bodics tp human CTLs aod human brcait tumor SK-BR-3 cells. Histo- 
grams on the Wf illustiate SK-BR-3 cells mtubated with PBS chi- 
meric BsF^ <B) t B^aVfe yl (Q, y2 (D).. v? (£}. or *4 <F) befae 
c^tnmg with Ae FITC-conjogated Ah Histograms on the ffjgfatBasttate 
human ClXs mcubated With PflS (^i), chimeric BsF(aV)2 (6). BsF(a-^2 
vl (Q, v2 (O), v3 (E), or v4 (I s ) before staining with FTIC conjugated Ae. 



have been shown to block the grbwth>f human tumor xeno- 
grafts in nude mice (31, 32). In o titer studies involving car- 
cinoma patients, local lysis of tumor cells was observed after 
infusion of T cells activated with BsniAb (8). In addition, 
* tlw efficacy of antitumor ^wciated antigen ,x anti-CD3- 
bispedne antibody in the ma n agement of malignant glioma 



has been reported (33). A major drawback for the applica- 
tion of murine mAbs has been the eHcitation of an immune 
response after repeated admiumfaii^ 
manizadon f BiqrAb may reduce the im^unogenicity of 
these reagents, thus avoiding possible untoward effects in 
human subjects (10, li, 34). 

The development of biologically active fully humanized 
BsP(ab r )2 fragments as demonstrated in this study has not 
been reported previously. We bare used an efficient E coli 
expression system (19) tor the production 6t ha m u ni ted Bat/ 
molecules with anti-plSS^ and anti-GD3 spedficities. 
The Fatf molecules were recovered with the unpaired hinge 
cysteine present as the tree thiol and used to form the 
5sF(abr)2 fay directed chemical coupling in vitro (29). The 
approaches used in this study obviate the inherent problems 
in generating Fat/-SH from intact antibodies: diflerenees in 
sujtcepribility to proteolysis and nonspecific cleavage resulting 
in heterogeneity* low yield, as well as partial reduction that 
is not completely selective for the hinge disulfide bonds (29). 
Furthermore, fay engineering the hinge region to lease a single 
cysteine residue, we prevent, intrahingc disulfide bonding 
without resorting to the use of highly tone arsenite to che- 
late vicinal thiols (2^. Ifa 

ments are reactive with human T cells and cells overaprcssing 
pl85™% The abiUtypf these ^ targeted 
killing,^ ; 
of binding to CTLs as revealed ; v - 

The humanizatioh of the anti-€D3 arm (as in vl) resulted 
in a decrease in thb lading effidency ^ CT^ ^t,^ ^t . 
alter the ability of the molecule to enh^ce CTL cytotra 
against tumor targets at the lowest BsFfab'Ja concentration 
studied (10 ng/ml). The observation that <2% occupancy 
by antibody is sufficient ta trigger T cell ^ctjvatifsn ^to- 
gether with ^ of t&e B$F(a^ used 
may explaia the observed potency of the humanized version '■ 
id mediating tumor Blliiig at pharmacological 
' terionsu(10 :, ngAnl)w ' ^vi, ' v '^^^!■.:5iy^^:T^ ■ -{ v- 
Rer^aoeatcnt of the murine-residue^r i>53 with serine 
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Figure 5. Targeting of breast tumor 
ceQ killing by B*F(sb> ^labeled 
ssgcti (7) ^xcarrcubsisd 
with eflector(E)CTtsat difoent E/T 
ratios tor 4 h. In vl, percent ototox- 
icity was cal julated based on 51 Qr re- 
lease in cultures with no antibody addVd 
(A), in the presence of 10 ng/ml of chi- 
meric BsF(*V)i (•), Bs^ vl (O), 
v2 (0). v3 (1). v4 (A), or vl > 

piasHEMEco; (□): in b/ two 

iflerent **Cr-labeied target ceDs were 
used. MDA-MB-175 targets tested in 
the absence (O) or presence (•) of 10 

- — - - _ J CV T>V* * 



-t tt.rt.Ln 



targets tested in the absence ftj) or pres- 
ence (A) of ID ng/ml of BsFfabTz vL 
The MDA-MB-175 cefls express W to 
' ik^ofptBSWUasqosntits- 
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(bunvm ?*?idw) ro humamasd 2CJ5-CD3 vl to crests v3 
resulted in little or no change in the binding efficiency to 
CIL, suggesting that V t R53 is probably not an essential 
antigen-binding determinant. Tie binding efficiency of vl, 
however; was severely reduced upon the replacem e n t of V 8 
K73 with the human counterpart, Asp, in FR3 to make v2. 
Further reduction of the binding to CTLs was observed when 
V t R53 in v2 was replaced by Ser to create v4, whose bind- 
ing capacity to CTLs was almost completely abolished. Given 
the fact that V B K73 is outside of the GDRs, these results 
imply that contact between selected amino acid residues in 
FRs with other residues in adjacent CDRs or direct interac- ; 
tion with antigen can influence tlffi 
mi specificity of the fay^erauciiAle loops (It 36)-- However; 
additional amino add replacements are required to determine ), 
whether murine residue V H K73 is an important binding de- . 
tenrna a J!t or Whether the 'htep^^edfee D73 c om pr o mises ; 
biiiding. Nerertheless, these datidOTonstrate tliat amino acid 
residues outside CDRs should be considered in mAb humani- 
zation. Additional amino acid replacements are a aently being 
installed in the humanized anri-Gpj Fab' in an effort to im- ,.■ 
prove its binding efficiency. "fjflf three-dimensional molecular 
model of the humanized (yl) antKIp3 arm V t and V H Tdo- . 
mains is presrated (Kg. 2)/ fflmtm^ 
raidues that humanized-v^ 

-fc lob^;^ Z>) 
The &ct that a number of »Ienccard^ ". 
ized by an ivereaspression of plSS^P presents a unique op- 1 
portunity for testing the feaadWLty as well as the efficacy of 

■ ■ far g gr w rl f ^1"^ . immiinft thetapji ^ iuW Ay patients CTLs Cah . ■' 

be redirected wiJi BsmAb for tumor killing. Fully hmnani?)fld > 
BsF(afaf)2 fragments are shown here to be effixtive mediators 

• of human breast tumor target lysis in vitro at pharmacologi- >. 

.rcaUy^t^ v 
whether these molecules may be capable of targeting breast 
tumdr cefis in vivo for dest&tion by .CTI^. The fact that . 
these molecules ars fully humarczttland, therefore, less likely 
to elicit an immune response in cancer pattenU further ad- : 

' vances their potential use in targeted immunotherapy. Im- 
portantly, the BsF(al/)2 molecules failed to mediate the >i 

: -killing rf no^^ ; 
ceQs expressing only low to moderate levels of pl85 fiEX ^. \ 



The ^echania5(s) by wLki CTU casr the Ipii of tascr 
targets are not known. However^ it hss been reported that 
the cytolytic activity is induced by die binding of antibody- 
target conjugates to specific receptors on the c&clor cell sur- 
face (6). One view oroposes that the c?wKnk?ffgliy !fer> AH* 
between dusters o^receptors on tumo? targets and triggering 
structures on immune effector cells can indnce the rekase of 
effector cytolytic substances indndhsg cytolyxin which m«y 
contribute to target killing (8). (^osslinlring may also acti- 
vate T cells &r production of cytokinev e-g-, TNF-a and 
IFN-y, both of which can: exert ty uiunic effects on tumor 
cells in vitta The data in this repc« are consistent with die 

: crucial requirefneni fccio^inlSngfe ofdwtD trigger eflecfes ■ 
killing of tumor target. Thus two of die BiFfab^ variant*- 
v2 and v4, shown to be perfectly caf^lr of binding to target 
cells but not to effector CTLs, failed to direct tuiuor. killing 

xin the cytotoxicity ssay. Farther; 'the [^^is^ hi ^i&p^ 2 
ECD, which is shown to block BsF(aK)j biiulu^ to the 
target, caused a marked inhibition of directed Cl L IdUing 
of tumor targets." 

Our £ coh Fat/, expression, systou. in combination with- 
directed chemical coupling aid has proven eflee-' 

:. tive in the production of durcafiy relevant quantities of fnac- 

■ tional- Lumariized antibody ftagmentt Tfe mam^^ 
fnmfi^ m &c3ifet& re^ ■ 

studies y to;^uai;die efneary of BsF^^ 
CTL killing rf^ 

of F(al/)ifagjnents -should permit &r a more efficient tissue 
penetration in vivo (37). The sysin^ used here alio allow 
tor replacements of amino add residues in CDRs and FRs 
malting it posribktq.study stnicture^function rdatiGnships 
> . ?mong -the different variant Ab fragments. > : / : • 

•/ bflity of product hirrnaniyird 
BsF(aW)2 shown to bebiolog^y actre in two difEoent in 
vitro assays. The expression systems described can be applied 
effiriendy for the production of IW molerMies with sekcted 

-spedficitiesy'asd offir an opportui ity &r mKlsstanding ds 



.menu These and sinniar shidies will advance the potential 
use of BsmAbs in targeted ;immun6diera|iy of cancer Jin . 
humans*. =**.:■■>,.. ^ '""*■« %'« v «'.\- ■*•-•. * i >; - '>**.?v^'r 
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HUMAN c-erbB-Z PROTO-ONCOGENE PRODUCT AS A TARGET FOR 
BIsraOTIC-A^IBODY-DIRECTED ADOPTIVE TUMOR 
IMMUNOTHERAPY 

I„ASAWA>, Tadashi Yamamoto', Takash, MASUKO YostuyuB "*f rf Smew **ai Unfa** School o) Medici™, 



MATERIAL AND METHODS 
Monoclonal antibody 

Hvbridoma cells producing OKT3 or OKT4 MAb were 
puSed from ATC P C (Rockvllle MD). SHM MAb jecogm* 
ine the pl85-kDa extracellular domain of the c-erbB-2 gene 
nroduct was produced by Dr. T. Masuko from the mice 
fmmunLed Twkh SK -BR-3breast cancer cells (Masuko et al, 
1989). 
Cells 

* NIH-3T3 SV11 (NIH-3T3 cells transfected with normal 
rJrhR 7 ^eneYA4-15 (NIH-3T3 cells transfected with mu- 
SS A RAScD (NIH-3T3 cells transfec ted wjh 
ES ras gene), KATOIII (human gastric ^cancer) , LS"J| 
Sum^n colon cancer; kindly donated by Dr. H. Fukamag 
tZo UnWersity, Tokyo) SK-BR-3 (human mammary cancer) 
(human y T-linom^ i cells) and Dayman B-lym- 
phoma cells) were used for the experiments/nie charaOT 
tics of oncogene transfectants were described in previous 
pTper (SSL et al, 1989). All the cells were 
RPMI1640 medium supplemented with glutamine penicillin, 
Sreptomycin, HEPES buffer and 10% heat-.nactivated FCS. 
Preparation ofBsAb containing anti-CD3 and anri-c-erbB-2 . 

The BsAb containing anti-CD3 and anti-c-erbB-2 were 
prepared from OKT3 and SER-4 MAbs as reported (N.tta et 
al 1989, 1990h). Briefly, F(ab') 2 fragments prepared from the 
2 MAbs'by treatment with pepsin or papain were reduced to 
Fab-SH by incubation with 0.5 mM d.thiothre.tol ^DTT) in 0.1 
deliver anti-tumor eucviui — ; - y 1QQn M pRS f 30 mm at r00 m temperature. OKlJ-raDo i>d 

(Perez et al., 1985; Staerz et al, 1985; Franger et al, 1991). ^ PBS tor J» mm d \ TOm Fab . S H derivatives by 

S experimental and clinical studies have shown that JS^^ 5 ^SJX^nhrobenafc ^ (DM) » 
™L™ tLnr immunotherapy combined with anti-CD3 x ^^^^ room temperature. OKT3-Fab-S-NB was 

mixed with SER-4-Fab-SH derivatives at a 1:1 ratl ° a _ n ° 
mSatld for 4 hr at 3TC. Then, anti-CD3 x anti-c^B-2 
bS was purified by FPLC chromatography (Pharmacia, 
Uppsala, Sweden). 



To develop an efficient strategy for 

PEST T^tZ^l^^rn^J cells by 
Ict'vation ^immobilized anti-CD3 monoclonal; ant^dy 

X?U£»i «8"«*»i* «m«»t, rflL-I during ««*-^3* 

rnicToT results strongly suggest that the < c-erbB-2 proto- 
^co^ene product on human tumor cells may be a good target 
for BsAb-directed adoptive tumor immunotherapy. 

It has been reported that adoptive immunotherapy using 
IL 2-Sivated kilfer cells is a useful strategy fo, 
in both animal and human systems (Mule et al, 1984, Nisn 
i m Sr TeZ., 1986; Rosenberg et al, 1985). One of the major 
ZbTems of adoptive tumor immunotherapy has been the 
dfficXof targeting effector cells to Stumor sites However 
recent development of bispecific antibody (BsAb), which 
reaS with both killer and target cells, has made it possible to 
deSr anti-tumor effector cells specifically to target ce s 
(Perez et al, 1985; Staerz et al, 1985; Franger et al, 1991) 
Several experimental and clinical studies have shown hat 
adoptive tumor immunotherapy combined with anti-CD3 x 
and tumor BsAb was an effective strategy for tumor therapy 
mmTal, 1990a; Titus et al, 1987). This BsAb-d,rected 
adoptive tumor immunotherapy may become a common proto- 
col for clinical application, if good target molecules, widely 
distributed on tumor cells, can be found. 

Our colleagues have produced MAbs recognizing the extra- 
cellular domain of the human c^bfl-2 proto-oncogene prod- 
Ce " U «,„ :.™„ „, „; 1QSW> The c-erbB-2 gene and its product 



Generation of CD4 + helper I killer cells 
CD4 + helper/killer cells were induced from penpheni 1 
. _..-! =n„ ^pnun nf breast tumor patients. 



Our colleagues nave H i« U uvv-v.^ ^----c - heloer/killer cells were induced irom 

cellular domain of t^^^j^^E^ ^JS^ce* (PBMC) of breast tumor ^ 

ucts (Masuko et al, 1989). lhe c^zgcu^ inV-indinc Rrieflv CD4 + T cells were freshly isolated from ftfMC 01 

f £ S'pSn.s by "Sing FACS«, D* = * - 



are amp inea in a vanciy ui , " ' Co * Q : t 

breast, gastric and colon cancer (Slamon et *™>*£»* 
al 1985- Hudziak et al, 1989; Yokota et al, 1986). Therefore 
we supposed that BsAb containing anti-c-^B-2 and anU-CD3 
might become a good tool for the therapy of human cancer. 

In this study we investigated the targeting of CD4 helper/ 
kil er T cells induced by immobilized anti-CD3 plus IL-2 using 
antt(i3 x anti-c^B-2 BsAb. The BsAb can trigger both 
he per and killer functions of CD4* helper/killer cells m vitro. 
Moreover, BsAb-directed CD4* helper/kiUer ceUs showed a 
strong inhibitory effect on the growth of c-€rM?-2-positive 
human tumor Sib implanted in ™\™? ™™ n ^ 
strongly suggested that the human c-erbB-2 ^ proto-oncogene 
p32[ maf become a good target for BsAb-directed adoptrve 
tumor immunotherapy in humans. 



Brieflv C1J4 1 cens wcic uamj — - ----- 

fuW 'p^nts by using FACStar (Becton Dickinson Moun- 
tZ vfew CA) and Then the cells were cuhured in the 

paided^or long periods (over 50 days) by periodic resUmula- 
<To whom correspondence and reprint requests should be sent. 
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tion with IL-2 plus immobilized anti-CD3 MAb (Nishimura et 
aL, 1991). 

Flow cytometry 

Analysis of cell-surface markers was carried out by FACS- 
can using a Consort 30 program. Details of staining and sorting 
have been reported (Nishimura et aL, 1990). Fluorescence data 
were collected with logarithmic amplification. For each sam- 
ple, data from 10,000 volume-gated viable cells were collected. 

IL-2 assay 

CD4 + helper/killer cells (10 6 /ml) were cultured with A4-15 
c-erbB-2 transfectant (lOVml) in the presence or absence of 
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Figure 1 - Reactivity of anti-c-erbB-l SER-4 MAb with various 
cell lines. The reactivity of SER-4 MAb was determined by flow 
cytometry as described in the text, (a) NIH-3T3 cells; (b) A4-15 
c-erbB-2 transfectant; (c) SV11 c-erbB-2 transfectant; (d) RAScD 
EJras transfectant; (e) LS174T colon cancer; (f) KATOIII gastric 
cancer; (g) SK-BR-3 breast cancer; (h) Molt-4F T lymphoma; (i) 
Daudi B lymphoma. 
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Figure 2 - Preparation and reactivity of anti-CD3 x anti-c- 
erbB-2 bispecific antibody (BsAb). BsAb was construted from 
F(ab') 2 fragments of 2 MAbs (OKT3 and SER-4) as described in 
the text. The reaction scheme is illustrated in the right panel. The 
reactivity of the prepared BsAb was analyzed by FACScan using 
CD4 + helper/killer cells (a) or c-erbB-2 transfectant, A4- 15 (b). a, 
control unstained profile; b, profile of the cells stained with native 
OKT3 MAb; c, profile of the cells stained with native SER-4 MAb; 
d, profile of the cells stained with BsAb. 



BsAb (0.5 u,g/ml) for 24 nr. After incubation, the culture 
supernatants were harvested from the plate and their IL-2 
activity was determined using the IL-2-dependent HT-2 cell 
line. Briefly, HT-2 cells (10 4 /well) were cultured with diluted 
samples for 24 hr and then pulsed with 3 H-TdR (0.5 u-Ci/well) 
for 4 hr. The growth of HT-2 cells in culture supernatants from 
CD4 + helper/killer cells was strongly blocked by anti-IL-2 
MAb but not by anti-IL-4 MAb (data not shown). 

Cytotoxicity assay 

The cytotoxicity of CD4 + helper/killer cells was determined 
by the 4-hr 5l Cr-release assay in the presence or absence of 
anti-CD3 x anti-c^erM?-2 BsAb (0.5 jig/ml). Percentage cyto- 
toxicity was calculated as reported by Nishimura et aL (1987). 

In vivo neutralization assay 

The in vivo anti-tumor activity of CD4 + helper/killer cells 
was determined by Winn's (1961) assay using c-erbB-2 transfec- 
tant, EJras transfectant or LS174T human colon cancer cells. 
Briefly, tumor cells (2 x 10*) were injected i.d. into the 
abdomen of BALB/c nude mice with or without BsAb (10 u,g), 
CD4 + helper/killer cells (2 x 10 7 ) or CD4 + helper/killer cells 
plus BsAb. The growth of tumor was determined by measuring 
tumor size in perpendicular diameters. Ten nude mice were 
used for each group. 

100 1- 



o 



80 



60 



_o 

-\ 



2 40 

u 



20 



0 L 



o 



,o 



\ 



o-o 




i I ' ' » ' I 1 1 I I 

2°2 l 



2 2 2 s 2f* 2 s 2 6 



2' 2 s 2 9 2 10 
Dilution ( Reciprocal ) 

Figure 3 - The anti-CD3 x anti-c^B-2 BsAb induced CD4 + 
helper/killer-cell-mediated cytotoxicity in a dose-dependent man- 
ner. The cytotoxicity of CD4 + helper/killer cells against A4-15 
c-erbB-2 transfectant was determined by a 4-hr 51 Cr- release assay 
in the presence (O) or absence ( ) of various concentrations of 
dilutee! SER-4 MAb. SER-4 MAb was diluted 2-fold from 2 
jig/ml. Effector to target ratio was 20:1. 
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RESULTS 

The SER-4 MAb recognizing the 185-kDa c-erbB-2 gene 
product specifically reacted with c-erbB-2 gene transfectants 
(SV11 and A4-15) but not with untransfected NIH-3T3 cells or 
EJras transfectant (RAScD). Moreover, SER-4 MAb showed 
strong reactivity with some human tumor cell lines such as 
KATOIII, SK-BR-3 and LS174T but not with non-epithelial 
tumor such as Daudi B lymphoma and Molt-4F T lymphoma 
cells (Fig. 1). According to the method previously reported 
(Nittaef a/., 1989, 19906), both anti-CD3 Fab'-S-NB derivative 
and anti-e/M-2 Fab'-SH derivative were prepared and then 
coupled to constract F(ab') 2 BSAb containing anti-CD3 and 
anti-c-€rW?-2. As shown in Figure 2, the prepared BsAb 
reacted with both c-erbB-2 transfected and CD3 + CD4 + helper/ 
killer cells. However, the BsAb showed no reactivity with 
either c-e/£B-2-negative tumor cells or CD3" killer cells (data 
not shown). 

Using the prepared BsAb, we next tried in vitro targeting of 
CD4 + helper/killer cells to c-e/ftfl-2-expressing transfectants 
or LS174T human colon cancer cells. CD4 + helper/killer cells 
were induced from freshly isolated CD4 + T cells of tumor 
patients by activation with immobilized anti-CD3 MAb plus 
recombinant IL-2. The activated CD4 + helper/killer cells 
showed marginal cytotoxicity against various target cells. 
However, addition of BSAb into the culture resulted in the 
induction of a strong cytotoxicity against c-erbB-2 transfectants 
(A4-15) in a dose-dependent manner (Fig. 3). The BsAb alone 
had no cytotoxic effect on the target cells (data not shown). To 
determine the specificity of BsAb-treated CD4 + helper/killer 
cells, we next investigated the cytotoxicity of CD4 + helper/ 
killer cells against c-e/M-2-positive or -negative cell lines. As 
shown in Figure 4, CD4 + helper/killer cells lysed c-erbB-2 
transfectants (SV11 and A4-15) and c-<?r&B-2-expressing tumor 
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Figure 4 - Specific in vitro targeting of CD4 + helper/killer cells 
using BsAb. CD4 + T cells isolated from peripheral blood mononu- 
clear cells of breast cancer patients using FACStar were cultured 
with immobilized anti-CD3 plus recombinant IL-2 for 14 days. The 
cytotoxicity of activated CD4+ helper/killer cells was determined 
by the 4-hr 5i Cr-release assay in the presence (hatched columns) or 
absence (open columns) of anti-CD3 x anti-c-erbB-2 BsAb (0.5 

gp-g/ml). Effector to target ratio was 20:1. Oncogene transfectants 
JV11, A4-15, RAScD) and human tumor cell lines (KATOIII, 
audi B lymphoma, LS174T) were used as target cells. The 
cell-surface expression oic-erbB-2 was determined by FACScan. 



cells (KATOIII and LS174T) by targeting with BsAb. How- 
ever, native NIH-3T3, EJras-transfectant (RAScD) or c-erbB- 
2-negative Daudi B-lymphoma cells were resistant to CD4 + 
helper/killer cells even in the presence of BsAb. Thus, F(ab') 2 
BsAb containing anti-CD3 plus anti-c-erfc#-2 enabled us to 
carry out specific targeting of CD4 + helper/killer cells in vitro. 
Consistent with the lack of CD4 + helper/killer-cell-mediated 
cytotoxicity in the absence of BsAb, IL-2 production of CD4 + 
helper killer cells was not induced by co-culture with c-erbB~2- 
expressing A4-15 cells. However, if CD4 + helper/killer cells 
were bridged with A4-15 cells by the addition of BsAb, 
significant IL-2 production was observed in the culture super- 
natants (Fig. 5). 

Finally, we investigated the in vivo anti-tumor effect of CD4 + 
helper/killer cells in combination with BsAb. The results are 
illustrated in Figure 6. When c-erbB-2 transfectant (A4-15) was 
inoculated i.d. into the abdomen of nude mice, the cells grew 
rapidly. In contrast, injection of A4-15 cells with CD4 + 
helper/killer cells and BsAb resulted in a marked inhibition of 
cell growth. No such in vivo anti-tumor effect was observed 
when A4-15 cells were inoculated with BsAb alone or CD4 + 
helper/killer cells alone, and no BsAb-directed in vivo anti- 
tumor effects of CD4 + helper/killer cells were demonstrated in 
RAScD transfectant, indicating that anti-CD3 x anti-c-erta?-2 
BsAb specifically delivered CD4 + helper/killer cells to c-erbB- 
2-expressing tumor cells in vivo. Interestingly, the growth of 
c-erW?-2-expressing human colon cancer (LS174T) was also 
completely blocked by BsAb-directed CD4 + helper/killer ther- 
apy. 
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Figure 5 - BsAb can trigger the IL-2 production of CD4 + 
helper/killer cells. CD4 + helper/killer cells were co-cultured with 
A4-15 cells in the presence ( ) or absence (O) of BsAb (0.5 
M-g/ml) for 20 hr at 37°C. After incubation, the IL-2 activity of the 
culture supernatants was measured using HT-2 cell lines as 
described in the text. The 3 H-TdR incorporation (cpm) of HT-2 
cells is shown. Mean ± SE of triplicate samples is indicated. 
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Figure 6 - BsAb-directed in vivo anti-tumor effect of CD4 + helper/killer cells. The in vivo anti-tumor effect of CD4 + helper/killer 
cells was examined by Winn's assay using c-erbB-2 transfectant, A4-15 (a), EJras transfectant, RAScD (b) or LS174T human colon 
cancer cells (c). Tumor cells (2 x 10 6 ) were inoculated i.d. into the abdomen of nude mice with or without (O) CD4 + helper/killer cells 
(2 x 10 7 ) plus BsAb (10 u-g) (•), CD4 + helper/killer cells alone (A) or BsAb alone (A). The tumor diameter shown is the mean of 2 
perpendicular diameters. Ten nude mice per group were used for the experiment. 



DISCUSSION 

In this report, we present an efficient strategy for human 
cancer therapy using anti-CD3 x anti-c-erbB-2 BsAb and 
CD4 + helper/killer cells. Since the CD3 molecule is a key 
molecule for the triggering of T-cell functions (van Seventer et 
aL, 1987, Hoffman et aL, 1985), anti-CD3 x anti-tumor BsAb 
can activate the cytotoxic machinery of CTL in addition to 
bridging the effector cells to the tumor target cells (Perez et aL, 
1985; Staerz et aL, 1985; Franger et aL, 1991). Nitta et aL 
(1990a) reported that targeting therapy using LAK cells 
treated with anti-CD3 x anti-glioma BsAb was more success- 
ful than currently used LAK therapy (Rosenberg et aL, 1985). 
Several other investigators have also demonstrated the efficacy 
of BsAb-directed adoptive tumor immunotherapy in animal 
models (Titus et aL, 1987). These results strongly indicate that 
targeting adoptive immunotherapy might become a widely 
available tool for human cancer therapy if we can produce an 
MAb which reacts with cell-surface molecules expressed on a 
variety of human tumor cells. 

This report indicates that MAb recognizing a human c-erbB-2 
proto-oncogene product is a good candidate for use in BsAb- 
directed adoptive tumor immunotherapy. It has been shown 
that the c-erbB-2 gene and gene product are amplified in a 
variety of human adenocarcinoma cells and the amplification 
of the gene is correlated with poor clinical prognosis for 
certain cancer patients (Slamon et aL, 1987; Semba et aL, 1985; 
Hudziak et aL, 1989; Yokota et aL, 1986). As shown in Figure 1, 
SER-4 MAb recognizing the pi 85 c-erbB-2 gene product reacts 
with c-erbB-2 transfectants such as SV11 and A4-15 but not 
native NIH-3T3 or other transfectants. Moreover, gastric, 
colon and breast-cancer cell lines were also reactive with 
SER-4 MAb. 

In the present study, we prepared F(ab f ) 2 BsAb containing 
anti-CD3 and anti-c-erfc£-2 (Fig. 2) and applied this BsAb to 
the targeting of CD4 + T cells which have both helper and killer 
functions. CD4 + T cells possess both helper and killer activity 
at the clonal level (Fleisher and Wagner, 1986; Moretta, 1983). 



Moreover, several groups have reported that activation of T 
cells with immobilized anti-CD3 MAb caused the induction of 
CD4 + CTL as well as CD8 + CTL (Jung et aL, 1987; Garrido et 
aL, 1990). Although freshly isolated CD4 + T cells cannot 
directly respond to IL-2 because of the lack of p75 IL-2 
receptor (Nakamura et aL, 1991), we found that activation of 
freshly isolated CD4 + T cells with immobilized anti-CD3 plus 
IL-2 resulted in the proliferation and generation of CD4 + 
helper/killer T cells which have both IL-2-producing activity 
and cytotoxic activity (Nishimura et aL, 1991, 1992). If the 
CD4 + helper/killer cells were targeted to local tumor. sites by 
combination with BsAb, it would become possible to augment 
"local help" to facilitate the activation of anti-tumor effector 
cells at local tumor sites. As illustrated in Figures 3 and 4, the 
addition of BsAb containing anti-CD3 plus anti-c-erW?-2 
resulted in the specific targeting of CD4 + helper/killer cells to 
c-er&£-2-expressing transfectants and human tumor cells in 
vitro. Interestingly, CD4 + helper /killer cells produced signifi- 
cant amounts of IL-2 during co-culture with c-erbB-2- 
expressing tumor cells in the presence of the BsAb (Fig. 5). 
These results suggest that BsAb-treated CD4 + helper/killer 
cells may act effectively as both killer and IL-2 producing cells 
at targeted tumor sites. 

Using oncogene transfectants and LS174T human colon 
cancer which were implanted into nude mice, we also investi- 
gated the therapeutic efficacy of BsAb-treated CD4 + helper/ 
killer cells. As clearly indicated in Figure 6, CD4 + helper/killer 
cells showed a strong anti-tumor activity against c-erbB-2 
transfectant or c-e/fci?-2-expressing LS174T human colon can- 
cer by combination with anti-CD3 x ant\-cerbB-2 BsAb. 
However, no therapeutic effect of BsAb-directed CD4 + helper/ 
killer cells was demonstrated against EJras transfectant, indi- 
cating that the BsAb specifically targeted CD4 + helper/killer 
cells in vivo. 

Thus, our data show that the human c-erbB-2 proto- 
oncogene product might become a good target molecule for 
BsAb-directed adoptive tumor immunotherapy and confirm 
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that CD4 + helper/killer cells will provide an efficient strategy 
for BsAb-directed adoptive tumor immunotherapy in humans. 
We have already established a large-scale culture system of 
CD4 + helper/killer cells. Therefore, it will be possible to 
submit this BsAb-directed CD4 + helper/killer therapy to 
clinical trial after extensive checking of any side-effects of 
anti-CD3 x ant\-c-erbB-2 BsAb. 
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Retargeting of drugs or lymphocyte cytotoxicity through 
bi-specitlc monoclonal antibodies (bMAbs) has been proven a 
therapeutic tool against human carcinoma both In preclinical in 
Wtro and In Wvo studies. Some of these reagents have already 
been introduced into clinical trials and preliminary results 
appear to be promising. However, improvement of the specific- 
ity of this approach could be achieved by selecting more suitable 
target molecules on tumor cells. The research focused on 
developing MAbs directed against molecules with tumor- 
restricted distribution and homogeneous expression*. Cell* 
membrane receptors for nutrients or growth factors which 
operationally represent tumor-specific molecules due to their 
over-expression, could be considered appropriate targets. Sev- 
eral bMAb anti-nutrients (the folate-binding protein) or growth- 
factor receptor (c-erbBJ, c-erbB2)/anti-triggering molecules 
have been generated and all were able to efficiently retarget 
the relevant population of lymphocytes on tumor cells. In order 
to design a more reliable and selective therapeutic tool, the 
following parameters were analyzed: correlation between cyto- 
toxicity and antigen level, potency and possible modulation of 
the target molecule. 
0 1992 Wiley-Liss, Inc. 



CHOICE OF SUITABLE TARGET STRUCTURE ON HUMAN 
CARCINOMA 

After the initial demonstration, about 10 years ago, that 
Afunctional monoclonal antibodies (bMAbs) could specifi- 
cally direct the cytotoxic activity of the ricin toxin against 
tumor cells (Raso, 1982), bMAbs were exploited to efficiently 
re-target cytotoxic lymphocytes of any specificity against se- 
lected target cells (Perez et aL, 1985). In an attempt to develop 
therapeutic tools against human carcinomas, which might be 
more selective than conventional chemo- or radio-therapeutic 
agents, the bMAb methodology has been widely applied. In the 
majority of the initial reports, the selected target molecules 
were those recognized by the first generation of anti-tumor 
MAbs, Le., onco-fetal, differentiation or gcnerically defined 
cancer-associated antigens (Table I). The bMAbs thus ob- 
tained have been found to be very potent both in pre-clinical in 
vitro and in in vivo studies, and some of these reagents have 
already been introduced into clinical trials. Although the 
results appear to be promising, the selected targets present 2 
major limitations: they are expressed at a relatively high level 
on some normal tissues, whereas within a single tumor they are 
not present on all cells. 

Improvement of the specificity of bMAb re-targeting could 
be achieved by selecting more suitable target molecules on 
tumor cells with tumor-restricted distribution and homoge- 
neous expression. Some particular cell-surface molecules, such 
as receptors for hormones, nutrients and growth factors, have 
been suggested as being appropriate targets for antibody- 
driven therapy (Harris, 1990). Although they are expressed at 
a very low level on some normal tissues, their over-expression 
on tumor cells endows them with an perational tumor 
specificity. Among nutrient receptors, the folate-binding pro- 
tein (FBP) is homogeneously over-expressed in almost all 
ovary carcinomas (Coney et aL, 1991). Several bMAb anu'-FBP/ 
anti-triggering molecules have been generated either by the 
hybrid-hybridoma technique or by chemical reassociation. All 
of them were able to specifically target the relevant population 



of lymphocytes (Tap, T78, NK) against ovary carcinoma 
(Lanzavecchia and Scheidegger, 1987; Mezzanzanica et al t 
1988; Ferrini et al t 1989, 1991). For the anti-FBP/anti-CD3 
biMAb, after a complete validation in pre-clinical short-term 
and long-term in vivo studies (Mezzanzanica et aL, 1991) and 
toxicity evaluation in a phase-I clinical trial (Mezzanzanica, 
1991), a phase-II clinical trial is now in progress. 

For growth-factor receptors, the c-erbBl and c~erbB2 pro- 
teins were found to be homogeneously over-expressed in about 
one third of breast and ovary tumors, the former being 
expressed in a majority of glioma and squamous-cell carcin - 
mas. Such over-expression has been correlated with rapid 
relapse and poor survival (Rilke et aL, 1991). 

An anti-c-€/6Bl MAb has been used in our laboratory t 
generate bMAbs either with anti-CD3 (data not shown) or 
anti-doxorubicin MAbs (Balsari et aL, 1988) using conven- 
tional technology. Another research group has reported the 
generation of bMAb anti-c^B2/anti-CD3 using molecular 
engineering (Shalaby et aL, 1992). All these reagents appeared 
active in in vitro pre-clinical evaluation. 

EVALUATION OF SOME CRITICAL ISSUES 

With the aim of designing a more reliable and selective 
therapeutic tool, 2 bMAbs were selected. Both reagents, 
obtained in our laboratory using the hybrid hybridoma tech- 
nique, were used in purified form after removal of the parental 
species. The anti-FBP/anti-CD3 was kindly provided by Dr. S. 
Warnaar (Centocor, Leiden, The Netherlands) as bi-F(ab% 
whereas the anti c-e/6Bl/anti-CD3 was used as an intact 
bMAb. These bMAbs were used to analyze several aspects 
relevant to the specificity of determination of anti-tumor 
cytotoxicity, Le,, antigenic expression, potency and possible 
modulation of the target structure. 

As reported in Table II, both bMAbs at nanomolar concen- 
tration in the presence of CTL clones promoted specific lysis 
only of those cell lines which expressed the relevant Ag. 
However, when the level of cytotoxicity was compared to the 
number of antigenic sites/cell, no direct correlation was 
observed. On the contrary, when the same anti-c-e/£Bl MAb 
was used alone or after conjugation to alpha sarcin, good 
correlation between the inhibition of cell proliferation and the 
antigenic level was observed (Tosi et aL, 1992). Moreover, a 
bMAb anti-c-<?rbBl/anti-doxorubicin, although less active than 
the bMAb anti-c-e/£Bl/anti-CD3, exhibited a certain degree 
of correlation (data not shown). The different mechanisms of 
action involved in these therapeutic approaches probably 
account for the observed differences. 

The potency of bMAbs in CTL re-targeting was compared 
with that of other MAb-driven therapeutic approaches. Al- 
though the experimental systems adopted to evaluate their 
activity were quite different, the relative potencies were 
compared on a MAb molar basis. As shown in Table III, the 
anti-FBP MAb according to the very low affinity of murine 
IgGt for human Fc receptors was unable to mediate ADCC. 



3 To whom correspondence should be addressed at Oncologia 
Sperimentale E, Istituto Nazionale Tumori, Via Venezian 1, 1-20133 
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Category 



Distribution on relevant cancers 



Partner MAb 
for re-targcting 



Level of 
analysis 



References 



Oncofetal 
differentiation Ag 
CEA 

N-CAM 

Cancer-associated Ag 
Ca-G250 

gp40 
gp72 

3e6/CAMAl 

Cal9-9 

Nutrient receptors 
FBP 



Growth factor receptors 
c-erbBl 



c-erbB2 



Heterogeneous, on colon, 
breast, lung carcinoma 

Heterogeneous, on gliomas, 
small-cell lung carcinomas 

Homogeneous, on renal carci- 
noma 

Heterogeneous, on various car- 
cinomas 

Heterogeneous, on various car- 
cinomas and sarcomas 

Heterogeneous, on breast carci- 
nomas 

Heterogeneous, on colon and 
pancreatic carcinomas 

Homogeneous, on ovarian carci- 
nomas 



Homogeneous, on head and 
neck, ovarian, breast carcino- 
mas, gliomas 

Homogeneous, on breast, ovar- 
ian and bladder carcinomas 



Anti-Vinca alkaloid Pre-clinical in vivo Smith et al., 1990 
Anti-CD3 Clinical trial Nitta et al> 1990 



Anti-CD3 
Anti-CD3 

Anti-MTX 

Anti-CD3 

Anti-CD16 



Anti-TCR 

Anti-CD16 

Anti-CD3 

Anti-CD3 
Anti-doxorubicin 

Anti-CD3 



Preclinical in vivo 

Pre-clinical in vivo 

Clinical trial 
Pre-clinical in vitro 

Pre-clinical in vivo 

Pre-clinical in vitro 



VanDijkefa/., 1991 

BmetaL, 1989 

De Leij etal., 1991 
Pimmef al, 1990 

Nelson et ai t 1991 

De Palazzo et al. t 1990 



Pre-clinical in vitro Ferrini et al., 1989 
Ferrini etaL, 1991 



Clinical trial 
Pre-clinical in vitro 



Mezzanzanica et ai> 1991 



Pre-clinical in vitro Shalaby et al, 1992 



TABLE II - SPECIFICITY OF CTL RE-TARGETING AND CORRELATION 
WITH THE ANTIGENIC LEVEL IN THE CASE OF bMAbs DIRECTED 
AGAINST FBP OF c-trbBl 



TABLE III - POTENCY OF TUMOR-CELL ELIMINATION: COMPARISON OF 
DIFFERENT MAb-DRIVEN THERAPEUTIC APPROACHES 



Parameter 



Variable 



Percentage lysis in the pres< 
of CTL and bMAb' 



;ence 



Anti-FBP/ 
anti-CD3 



Anti-c-«r6B1/ 
anti-CD3 



Specificity 


Target cells 2 


60 


50 


Relevant Ag + 




Relevant Ag" 


6 


1 


Correlation 


Number of si- 






with amount 


tes/cell 3 






of antigen 


> 1 x 10 6 


55 


50 


2x 10 5 


80 


ND 




7x 10 4 


82 


45 




3 x 10* 


ND 


75 




Undetectable 


12 


2 



] bi F(ab') 2 or intact bMAbs at 100 ng/ml were used to retarget 
CTL clones against the reported target cells at an effector/target 
ratio of 10:1 in a standard 3 l Cr-release assay .-^The expression of 
the relevant Ag was monitored by MAb binding. In the case of 
FBP the relevant Ag + line was IGROV1 (ovarian carcinoma) and 
the relevant Ag" fine was Mewo (melanoma). In the case of 
c-erbB\> the relevant Ae* line was NIH 3T3 HEGFR (mouse 
fibroblasts transfected with hEGFR cDNA kindly provided by Dr. 
DiFiore, NIH Bethesda, MD) and the relevant Ag" line was NIH 
3T3 (mouse fibroblastsJ.-^Tne number of sites/cell was deter- 
mined by analyzing the binding data of the relevant ,25 I lieand 
(MOvl8 MAb for FBP, EGF for c-erbB\) t using Scatchard 
analysis. The lines used for FBP were: NIH OVCAR3 (4.5 x 10 6 
sites/cell); OVCA432 (2 x 10 5 sites/cell); SW626 (7 x 10 4 
sites/cell) and U937 (number of sites/cell undetectable). The lines 
used for c-erbBl were: A431 (1.4 x 10* sites/cell); IGROV1 (3 x 
10 4 sites/cell); U87 (6.7 x 10* sites/cell); Raji (number of 
sites/cell undetectable). 



On the contrary, the chimeric version of the MAb (kindly 
provided by Dr. L. Coney, Centocor Malvern, PA), in which 
the murine constant regions were replaced by human yl and k 
regions, efficiently mediated ADCC in the presence of PBMC. 
However, on a molar basis, bMAb re-targeting of T-cell 



Target 
structure 



Therapeutic 
approach 



MAb concentration needed to 
eliminate 50% of 
relevant tumor cells 



FBP 1 


bMAb + CTL 


5.3 x 10' 12 M 




ADCC murine MAb 


Not applicable 3 
1.3 x 10-»°M 




ADCC chimeric MAb 


c-erbB\ 2 


bMAb + CTL 


6.6 x 10- 10 M 




immunotoxin 


5.0 x 10- ,0 M, 



'Lysis of the IGROV1 cell line in the presence of a CTL clone 
(E/T 10:1) and the bMAb anti-FBP/anti-CD3 or of fresh PBMC 
(E/T 50:1) and the murine MAb against the FBP (mlgGjK) or its 
Vmurine/C human chimeric version (hlgGiK) in a standard 
31 Cr-release assay .-^Lysis of the A431 cell line in the presence of a 
CTL clone (E/T 10:1) and bMAb anti-c-erbBl/anti-CD3 in a 
standard 51 Cr-reIease assay and inhibition of A431 protein synthe- 
sis in the presence of the immunotoxin anti-c-er&Bl MAb-tx sarcin 
in a standard aminoacid incorporation assay .^Less than 10% lysis, 
even at the maximum concentration tested (10 _8 M). 

cytotoxicity was about 20 times more efficient than the chi- 
meric MAb-mediated ADCC. In the case of the c-erf>Bl target 
structure, bMAb re-targeting was compared with the activity of 
the immunotoxin. As reported in Table III, the 2 therapeutic 
agents exhibited similar potency. 

Finally, the possible influence of the target-structure modu- 
lation on bMAb cytotoxicity was analyzed. The 2 target 
structures studied had different internalization behavior upon 
parental MAb binding. The binding of the anti-FBP MAb to its 
antigen induces slow and unreliable internalization, whereas 
that of the anti-c-er£>Bl MAb promotes prompt and reliable 
modulation of about one third of the antigenic sites (Mezzan- 
zanica et oL, 1988; Tosi et al, 1992). In order to evaluate the 
relevance of the MAb bivalence, the internalization ability of 2 
monovalent forms of the parental anti-c-ev£Bl MAb was 
tested. The F(ab') fragment was unable to induce internaliza- 
tion (data not shown), whereas the bMAb an ti-c-erbBl /anti- 
doxorubicin almost completely maintained its ability to induce 
antigen modulation (data not shown). Except for their internal- 
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ization behavi ur, the 2 target structures were similarly sensi- 
tive to bMAb re-targeted lysis (Table II). Similar efficiency 
may be ascribed to the known absence of correlation between 
cytotoxicity and the number of antigenic sites/cell. 

Cell-membrane receptors for nutrients (FBP) and growth 
factors (c-erbBl and c-erbBl oncoproteins) may be considered 
as appropriate targets for bMAb re-targeting of T-cell cytotox- 
icity due to their homogeneous overexpression on a relevant 
percentage of epithelial human tumors. Their use for loco- 
regional treatment of relevant tumors may thus be considered 
feasible. 



Our findings illustrate how much further efforts are needed 
to develop better predictive in vitro tests and suitable in vivo 
models in order to mimic as closely as possible the distribution 
of the target structure in human patients. 
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Immunohistochemical detection of c-erbB-2 
expression by neoplastic human tissue using 
monospecific and bispecific monoclonal antibodies 



/. GARCIA DE PALAZZO, A. KLEIN-SZA NTO , L. M. WEINER 
Fox Chase Cancer Center, Philadelphia, PA 191 1 1 - USA 

ABSTRACT: Selected murine monoclonal antibodies (MAb) have been shown to inhibit relevant 
tumor growth in vitro and in animal models. Recently, bispecific antibodies (BsMAb) have been 
developed which target cytolytic effector cells via one antibody binding site and tumor antigen by the 
other specificity. For example, the BsMAb 2B1 possesses specificity for c-erbB-2 andFcyRIH, the 
low affinity Fey receptor expressed by polymorphonuclear leukocytes (PMN), macrophages and 
large granular lymphocytes ( LGL). The human homologue of the rat neu oncogene, c-erbB-2, has 
been demonstrated to be amplified in breast, gastrointestinal, lung and ovarian carcinomas. Tumor 
expression ofc-erbB-2 has been shown to be an important prognostic indicator in breast and ovarian 
carcinomas. The restricted expression of the c-erbB-2 protooncogene product in normal human 
tissues and the wide distribution ofc-erbB-2 expression in such tumors may justify attempts to use an 
appropriately constructed BsMAb in clinical trials. In this report we have addressed this issue by 
immunohistochemically evaluating the expression of c-erbB-2 oncogene product in a variety of 
malignant tumors utilizing 2BJ and the anti-c-erbB-2 monovalent parent of 2BI, 520C9. Among the 
studied neoplasms, c-erbB-2 expression was detected in 49% of primary carcinomas stained with 
520C9 and in 39% of those stained with 2BL In the group of metastatic tumors, c-erbB-2 oncoprotein 
was detected in 52% of cases by 520C9 and in 41% by 2B1. Our results indicate that immunocyto- 
chemistry using bispecific monoclonal 2B1 is a reliable method for the detection of c-erbB-2 
expression, and that this BsMAb detects c-erbB-2 expression in tumors nearly as well as its anti-c- 
erbB-2 monovalent parent antibody. (Int J Biol Markers, 1993; 8: 233-9) 

KEY WORDS: C-erbB-2 expression. Oncogenes, Monoclonal antibodies 



INTRODUCTION independent of other well-recognized prognostic fac- 
tors such as hormonal receptor status and lymph node- 

Protooncogenes are cellular genes with funda- positive disease (6). Recently, it has been suggested 

mental roles in cell growth, development and difleren- that, as in breast cancer, overexpression of c-erbB-2 in 

tiation. They can be activated (oncogenes) by several ovarian cancer might be associated with poor survival 

molecular mechanisms. Numerous studies have shown (13). Overexpression of c-erbB-2 has also been re- 

that oncogenes are involved in human cancer both in ported in other human adenocarcinomas of the sali- 

the initial conversion of normal to malignant cells and vary gland, colon, stomach and lung (2, 7-12, 14), but 

in tumor progression (1). The protooncogene desig- its roles in the progression or prognosis of these neo- 

nated c-erbB-2 (HER2/neu) is a cellular oncogene plasms remains speculative. 

whose product is a transmembrane type MW 185,000 Analyses by immunocytochemistry using MAbs 

glycoprotein (pi 85) with tyrosine kinase activity; pi 85 that recognize distinct epitopes of the extracellular 

is also a growth factor receptor for an as yet unidenti- domain of pl85 have been reported in a variety of 

fied ligand (2-5). normal and transformed human tissues (1 5-17), but to 

Slamon et al have shown that the prognostic value our knowledge only monospecific antibodies have 

of c-erbB-2 gene amplification in breast cancer may be been utilized. Hybrid antibodies containing two difler- 
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ent antigen-binding sites may be produced by chemical 
recombination or from the fusion of two hybridoma 
lines. The latter method was employed for the produc- 
tion of the bispecific monoclonal antibody (BsMAb) 
2B1, which is the fusion product of hybridomas 520C9 
(murine IgG, recognizing an extracellular domain 
epitope of c-erbB-2) and 3G8 (murine IgGj recogniz- 
ing an extracellular domain epitope of human 
FcyRIH)(16). 

The goal of the present study was to determine if the 
bispecific antibody retained the ability of its parental 
anti c-erbB-2 antibody, 520C9, to recognize the ex- 
pression of this oncogene product by malignant neo- 
plasms. A secondary objective was to examine the 
spectrum of malignancies in which 2B1 therapy might 
be employed to determine the likelihood of identifying 
suitable candidates in each malignancy. We have 
examined 126 malignant tumors by immunocytochem- 
ical analysis of frozen sections and analyzed the re- 
lationship between detection of c-erbB-2 by 520C9 and 
2B1. Our findings suggest that 2B1 is equivalent to 
520C9 in its ability to recognize c-erbB-2, and that c- 
erbB-2 expression may increase in metastatic ade- 
nocarcinomas of the colon, breast and lung. 



MATERIAL AND METHODS 

Tissue: The tissues used in this study included 
ovarian, gastric, lung, colon and metastatic car- 
cinomas. They were obtained from the tumor bank of 
the Fox Chase Cancer Center, Department of Pa- 
thology. A total of 126 tumors were used for the study. 

Monoclonal Antibodies: Monoclonal antibody 
520C9 (murine IgG, recognizing the protooncogene 
product c-erbB-2) and bispecific monoclonal antibody 
2B1 were generously provided by Dr. David Ring, 
(Chiron Corporation, Emeryville, CA). Briefly, hybrid 
hybridoma 2B1 was developed by somatic cell fusion of 
520C9 and 3G8 (murine IgG, recognizing human 
FcyRIII), as described (16). The active bispecific anti- 
body was purified from the hybridoma supernatant 
containing the bispecific antibody and its parental anti- 
bodies by sequential ion exchange chromatography, 
yielding greater than 99% pure bispecific antibody 
(16). 

Immunocytochemistry: Localization of the c-erbB- 
2 proto-oncogene product was evaluated using serial 
frozen sections. Sections were obtained using a Hacker 
Bught OTS-AS-EC-MR Cryostat. Histological evalu- 
ation of each tumor specimen was performed on a 
section stained with hematoxylin and eosin. 
Monoclonal antibody (AE1/AE3) to cytokeratin 



(Biogenex Laboratories, San Jose, CA) was used to 
confirm the presence of viable tumor cells in the sec- 
tion. 

A negative control slide incubated with non-spec- 
ific mouse IgG (Sigma Immunochemicals, St. Louis, 
MO) was examined to assess non-specific binding. 
Duplicate slides for each case were stained with 520C9 
(10ng/ml) and 2B1 (lO^g/ml). As a positive control, 
2B 1 and 520C9 were used to stain cells of the SK-OV-3 
line (American Type Culture Collection, Rockville, 
MD); these cells express high levels of c-erbB-2 
message and protein. 

The Stravigen Super Sensitive Alkaline Phos- 
phatase Immunostaining Kit (Biogenex Laboratories) 
was used for all the immunohistology procedures. Five 
\im frozen sections were mounted onto poly-L-lysine- 
coated slides, fixed for 15 minutes in cold acetone and 
dried at room temperature for 2 hours. Sections were 
blocked for 30 minutes with normal mouse ascites to 
diminish non-specific binding. Slides then were in- 
cubated overnight at 4°C with monoclonal antibodies 
2B1,520C9 and controls. 

Then the slides were washed with PBS 2% BSA, 
incubated for 30 min at room temperature with goat 
anti-mouse antibody (Stravigen Super Sensitive 
Alkaline Phosphatase Kit), and washed. Substrate was 
added (Fast Red) and the slides were incubated 5 
minutes, washed and counterstained with Meyer's 
hematoxylin solution (Sigma, St. Louis, MO). The 
slides were independently evaluated by two patholo- 
gists. The intensity of staining was graded as: 0, no 
greater than the negative control; 1+, weak; 2 + , 
moderate; and 3+ equal to or greater than positive 
control. 



RESULTS 

A total of 101 primary lung, breast, colon and 
ovarian neoplasms and 25 metastases from diverse 
neoplasms were stained using bispecific antibody 2B1 
and parental antibody 520C9. C-erbB-2 expression 
was detected in 41% of the tumors stained with 2B1 
while 520C9 detected 52% of all cases. Table I shows 
the percentage of cases stained with 520C9 and 2B1 in 
each tumor group, and Table II shows the distribution 
of staining intensity for each studied tumor type. Over- 
expression of c-erbB-2 was defined as the presence of 
an immunostaining signal at the surface membranes of 
the malignant epithelium. The signal was represented 
by a distinct chromogen staining. In all cases only 
membrane staining was considered. 

Table III shows the 2B1 and 520C9 staining pat- 
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TABLE I - DETECTION OF c-erbB-2 BY IMMUNOHISTOCHEMI- 
CAL ANALYSIS USING 520C9 AND 2B1 



Summary of Immunohistochemicai Reactivity 
for2BIand520C9 

Tissue source Posi live Samples 



2BI 520C9 
(Total# samples) # samples (%) # samples (%) 



Lung (25) 7(28%) 9(36%) 

Breast (25) 9(36%) 13(52%) 

Colon (25) 12(48%) 14(56%) 

Ovary (26) 12(46%) 14(53%) 

Metastases (25) 1 2 (48%) 1 5 (60%) 



Total 52(41%) 65(52%) 



terns, related to the histological classification of the 
tumors. Of the 25 cases of breast carcinoma stained 
with 2B1 and 520C9, 20 were classified as invasive 
ductal carcinoma (IDC). Of these, 8 cases showed 
binding by 2B1 and 1 1 cases by 520C9. All cases that 
stained with either antibody showed a comedo pattern 
characterized by centrally necrotic ducts with higher 
nuclear and mitotic grade. In all these cases, the tumor 
was mostly composed of an invasive component. The 
three cases of IDC that failed to stain with 2B1, but 
were positive with 520C9, were classified as high grade. 
Of the IDC cases that did not stain with 520C9 (9) or 
2B1 (12), all were characterized by a histological pat- 
tern of moderate tubule formation or a predominant 
papillary and cribiform pattern with low to moderate 
nuclear and mitotic grade. 

When the in situ component of IDC was analyzed, 



TABLE II - RESULTS OF IMMUNOHISTOCHEMICAL STAINING INTENSITY OF PRIMARY NEOPLASMS USING BISPECIFIC 2B1 AND 
PARENTAL MONOCLONAL 520C9 



Immunohistochemicai 
Tissue source Grading Intensity 



(total # of samples) 


520C9 


2BI 


# per group 


Ovary (26) 


+ + + 


+ + + 


(5) 




+ + + 


+ + 


(2) 




+ + 




(3) 




* + + 




(2) 




+ • 




(2) 






+ 


(2) 








(10) 


Total 


14 


12 




Lung (25) 


+ + + 


+ + + 


(4) 




+ + 


+ + 


(2) 




+ + 




(0 




+ 




(i) 




+ 




(I) 








(16) 


Total 


9 


7 




Breast (25) 


+ + + 


+ + + 


(2) 




+ + 


+ + 


(5) 




+ 


+ 


(2) 




+ 




(4) 








(12) 


Total 


13 


9 




Colon (25) 


+ + + 


+ + + 


(5) 




+ + 


+ + 


(4) 






+ 


(D 




+ + 




(2) 




+ 


+ 


(2) 








(U) 


Total 


14 


12 





235 



Material may be protected by copyright law (title 17, U.S. Code) 



c-erbB-2 expression by human neoplasms 



TABLE HI - NUMBER OF CASES STAINED WITH 2BI AND 520C9 CLASSIFIED BY HISTOLOGICAL TYPE 



# of Cases 



# of Reactive Tumors 



Total 



Total 



Total 



Total 



Ovary: 

1 5 Papillary serous carcinomas 
4 Papillary mucinous adenocarcinomas 

4 Endometrioid adenocarcinomas 
3 Undifferentiated 

26 

Lung: 
17 Adenocarcinomas 

5 Squamous cell carcinomas 

2 Small cell carcinoma 

1 Bronchioalveolar carcinoma 
25 

Breast 
20 Ductal (invasive) 

3 Ductal (in situ) 

1 Lobular (invasive) 
1 Lobular (in situ) 
25 

Colon 

5 Well differentiated adenocarcinomas 

1 3 Moderately differentiated adenocarci- 
nomas 

6 Undifferentiated adenocarcinomas 
1 Adenocarcinoid 

25 



2B1 

7 
2 
2 
I 

12 



8 
2 
0 
12 



520C9 

7 
3 
3 
I 

14 



11 

2 
0 
0 
13 



10 
I 

0 
14 



all cases that stained with 2B! or 520C9 showed bind- 
ing to the in situ ductal carcinoma (ISDC). In three 
cases, ISDC was the only component of the tumor; two 
stained positively with 520C9, and one was stained by 
2B1. The only two examined lobular carcinomas (one 
classified as in situ and one invasive) failed to stain with 
either antibody. 

The pattern of staining in breast cancer specimens 
was rather homogenous. In most positive cases, be- 
tween 70 and 80% of the cells stained with both anti- 
bodies, even in the groups classified as in situ. A few 
tumor sections contained adjacent normal tissue. 
Normal breast ducts immediately adjacent to the car- 
cinomas stained with both 520C9 and 2B1, although 
the intensity of staining was very weak when compared 
with the tumor. 

When the colon carcinomas were studied, of the 
total (n = 20), 14 were detected by 520C9 and 12 by 
2BL In this group, those classified as moderately dif- 
ferentiated carcinomas were best detected with both 
antibodies. In the colon carcinoma group, staining was 
observed not only in the membrane but also in 
cytoplasm and was mostly homogeneous. A high per- 
centage (50-60%) of cells within the tumor stained with 
both antibodies. Two cases had normal glands im- 



mediately adjacent to the tumor and binding was de- 
tected in both cases with 520C9 and 2B 1 . However, the 
intensity of staining in either case was very weak com- 
pared with the tumor. 

Lung carcinomas were characterized by a focal 
pattern of staining. Only one case of squamous car- 
cinoma showed diffuse staining. In all cases the stroma 
was not bound by either antibody, binding to normal 
lung structures was not observed (scattered, minimal 
staining of bronchial epithelial cells was noted with 
both antibodies). When 2B 1 was used, alveolar macro- 
phages were stained by that antibody. Of a total of 17 
lung adenocarcinomas, 5 were stained by 2B1 and 
520C9. The pattern of staining was rather similar for 
both antibodies in this group, which was characterized 
by a focal pattern comprising between 20 to 30% of the 
tumor cells. In the squamous carcinoma group 520C9 
detected 4 cases out of 5 while 2B1 detected 2 out of 5. 
In this group, a higher percentage (50-60%) of tumor 
cells were stained with both antibodies, when com- 
pared to adenocarcinomas. Small cell carcinomas 
(n = 2) were not stained by either antibody. 

In ovarian cancer, 1 4 of 26 specimens were detected 
by 520C9 while 2B1 detected 12of26. In all cases where 
staining was present, it was confined to the epithelial 
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TABLE IV - PATTERNS OF 2B1 AND 520C9 REACTIVITY !N METASTATIC TUMOR SAMPLES 



Immunohistochemical 
Tissue source Grading Intensity 

(# of samples) 520C9 2BI # per group 

Colon (10) + + + + + + (5) 

+ + + + (2) 

+ - 0) 

(2) 

Breast (8) + + + + + (3) 

+ + + - (I) 

+ + ++ (1) 

(3) 

Unknown (5) + + + ++ (1) 

+ + + - (I) 

(3) 

Ovary (I) ++ ++ (1) 

Appendix (I) - . (1) 



component. Papillary serous carcinomas were found to 
stain heavily with both antibodies while the other his- 
tological patterns demonstrated a less intense reaction. 
In all positive samples, a homogeneous pattern of 
staining characterized by membrane staining of every 
cell in the tumor was dominant. 

Immunohistochemically detectable c-erbB-2 



e oncogene was noted in normal ovarian epithelium in 5 

i- cases of 6 examined. In these cases, every epithelial cell 

was stained but the intensity was very low. In all cases, 

il adjacent ovarian stroma was not bound by the anti- 

bodies. 

a The detection of metastasis by 2B1 and 520C9 

il showed patterns of staining similar to their corre- 

il sponding primary tumors. However, a higher degree of 

h intensity and percentage of stained cells was observed 

>- in this group when compared with the primary lesions. 

7 Table IV shows patterns of reactivity in the tumor 

d samples. 

)T 

:d 

ie DISCUSSION 

:9 

5. For BsMAb to be therapeutically useful, it is ne- 

>r cessary that the expression of the tumor antigen to be 

i- targeted is largely restricted to neoplasms. The c-erbB- 

is 2 oncogene product is an attractive candidate target 
antigen for several reasons. The expression patterns of 

:d this antigen can be molecularly defined and correlated 

re with protein expression by a variety of techniques, 

al Thus, the sensitivity and specificity of an antibody's 



detection capabilities can be more easily defined. The 
expression of this antigen by a significant percentage of 
common neoplasms makes it a potentially generally 
useful target. As expression of this protein may be 
associated with poor prognosis, the targeting and 
elimination of c-erbB-2 positive cells may be parti- 
cularly useful. Finally, the importance of this protein in 
regulating tumor growth is suggested by the ability of 
several anti-c-erbB-2 antibodies to inhibit growth of 
relevant neolasms in vitro and in appropriate animal 
models. 

The studies presented in this report confirm previ- 
ous examination of c-erbB-2 expression by human 
neoplasms, and extend previous findings. The in- 
creased expression of c-erbB-2 by metastatic lesions 
observed in these studies may have been due to the 
small number of the metastases which were examined. 
It must be pointed out that matched pairs of primary 
and metastatic lesions were not available for these 
studies from the same patient. However, if confirmed, 
these results suggest that therapeutic strategies target- 
ing c-erbB-2 may directly attack a biologically import- 
ant target in the setting of metastatic disease. 

2B1 has a number of characteristics that suggest it 
may have therapeutic potential. These include potent 
redirection of cytotoxicity by large granular lym- 
phocytes and macrophages (19), and substantial anti- 
tumor effects on human xenografts in immunodefi- 
cient mouse models (20). The studies presented in this 
report confirm that 2B1 recognizes c-erbB-2 expression 
by human neoplasms nearly as well as 520C9. Thus, the 
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minor reductions in c-erbB-2 detection by 2B1, mani- 
fested either by less staining intensity or the identifi- 
cation of fewer c-erbB-2 lesions, can be attributed to 
the reduced avidity of the BsMAb compared with 
520C9. The process of producing 2B1 therefore had 
little effect on the ability of its 520C9-derived portion 
to bind c-erbB-2. Based on these results, 2B1 is suffi- 
ciently capable of detecting c-erbB-2 expression by 
human neoplasms to justify its continued evaluation as 
a therapeutic reagent. 
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Abstract Bispecific antibodies of a new category, termed 
"antigen forks", were constructed by crosslinking anti- 
bodies that recognized pairs of distinct tumor cell surface 
antigens. At concentrations of 1-100 nM, several such 
forks inhibited the growth of human tumor cell lines 
bearing both relevant antigens. The same cells were not 
inhibited by unconjugated component antibodies, and the 
active conjugates did not inhibit the growth of human cell 
lines that expressed lower levels of relevant antigens. The 
three most active antigen forks all contained monoclonal 
antibody 454A12, which recognizes human transferrin re- 
ceptor. This antibody was conjugated respectively to anti- 
bodies 113F1 (against a tumor-associated glycoprotein 
complex), 317G5 (against a 42-kDa tumor-associated gly- 
coprotein), or 520C9 (against the c-erbB-2 protooncogene 
product). The 317G5-454A12 fork strongly inhibited the 
HT-29 and SW948 human colorectal cancer cell lines, 
while the 113F1-454A12 and 520C9-454A12 forks strongly 
inhibited the SK-BR-3 human breast cancer cell line and 
the 113F1-454A12 fork was also effective against SW948. 
By designing forks against antigens of incompatible func- 
tion that are co-expressed at high levels on tumor cells but 
not on normal tissues, it may be possible to generate re- 
agents that inhibit tumor growth with enhanced selectivity. 

Key words: Bispecific antibodies - Tumor-associated 
antigens - Cell growth inhibition 



Introduction 

Many monoclonal antibodies recognizing human tumor cell 
surface antigens are now available. More often than not, 
binding of such antibodies to tumor cells has little effect on 
cell function, unless the antibody is linked to a cytotoxic 
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moiety such as a drug, toxin or radioactive isotope. In some 
cases, antibody binding alone may initiate or block signal 
transduction, leading to a change in cell state, or may alter 
antigen turnover by enhancing or inhibiting endocytosis or 
changing the route of intracellular processing. The effect of 
antibody binding may vary according to valency. Binding 
of monovalent antibody fragments often has little or no 
effect, implying that antigen crosslinking significantly af- 
fects the consequences of binding. 

Some antibodies that bind to cell surface antigens have 
direct effects on tumor cell growth. For instance, some 
monoclonal antibodies to the c-erbB-2 protooncogene 
product inhibit tumor cell proliferation in vitro and tumor 
xenograft growth in animal models [1, 13, 27-30]. Anti- 
bodies to transferrin receptor inhibit cell growth, alone [33, 
35, 36] or in combination with the iron-chelating drug 
deferoxamine [14, 15, 37]. Antibodies to the Apo-1 antigen 
and the Fas oncogene product trigger apoptosis in a variety 
of cells, leading to programmed cell death [32, 39], and 
antibodies to P-glycoprotein have been reported to increase 
the drug sensitivity of multidrug-resistant tumor cells [8]. 
Such antiproliferative or cytotoxic effects on tumor cells 
may result from a number of mechanisms, including 
blockage of growth signals or down modulation of growth 
factor receptors, triggering of programmed death or dif- 
ferentiation signals, blockage of nutrient transport, or 
blockage of toxin excretion. 

While examples can be found of antibodies that strongly 
inhibit tumor growth, and also of antibodies that are highly 
selective for tumors as opposed to normal tissues, the 
availability of antibodies that meet both criteria is limited. 
To circumvent this scarcity, we speculated that bispecific 
antibodies recognizing two distinct tumor antigens with 
different properties would be more likely to disrupt cellular 
function than a single antibody, and could also be more 
tumor-selective if antigens with little overlap of expression 
on normal tissues were chosen. Because of their ability to 
bind two antigens simultaneously, and to distinguish them 
from bispecific antibodies that direct labels or effector 
moieties to a target cell, we refer to such reagents as 
"antigen forks". 
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The most obvious way to construct an antigen fork is as 
a bispecific antibody (although forks could also be built 
using ligand or receptor subunits. peptides ox even small 
molecules as binding elements). Bispecific antibodies may 
be chemically synthesized as antibody heteroconjugates by 
covalently attaching two monoclonal antibodies [121 or. 
monoclonal antibody fragments [4, 7] with different anti- 
genic specificities. Alternatively, bispecific antibodies may 
be produced from hybrid hybridomas [20, 21, 24]. In order 
to test whether any "antigen fork" bispecific antibodies will 
actually inhibit tumor cell growth, we have constructed 
simple chemically crosslinked whole-antibody conjugates 
from a set of six monoclonal antibodies recognizing distinct 
tumor surface antigens. 



Materials and methods 

Antibodies and cell lines. Murine IgG monoclonal antibodies 2G3. 
U3F1, 260F9, 317G5. 454AI2 and 520C9 were raised by immunizing 
Balb/c mice with human breast cancer membranes or cell iines [5]. The 
isorype, imraunogen and antigenic specificity of these antibodies is 
shown in Table K along with comments on antigen function (if 
known). Ceil lines were obtained as follows: the HT-29 human col- 
orectal and SK-BR-3 human breast cancer cell lines as gifts from the 
late Dr. J. Fogh of the Sloan Kettering Institute for Cancer Research; 
the HBL-100 human mammary cell line from the Mason Research 
Institute (collection now transferred to the American 1Vpe Culture 
Collection); the SW948 human colorectal cancer cell line from Dr. 
Lonis M. Weiner of the Fox Chase Cancer Center; the SK-OV-3 human 
ovarian cancer cell line from the American Type Culture Collection. 

Flow cytometry. Samples containing 1x10* cells were washed with 
phosphate-butYered saline (PBS) containing \<k bovine serum albumin 
fPBS/BSA) and incubated for 30 min at 4»C in PBS/BSA containing 
first antibody at a final dilution of 20 ug/ral. After washing three times 
in PBS/BSA, the cells were incubated with fluorescein-iso- 
thiocyanate<FITC)-conjugated Ftab^ fragment of goat anti-(mouse 
IgG Fc) (Jackson InununoRtsearcb, West Grove, Pa.) for another 
30 min at 4* C. The last wash contained 50 Ufcfml propidium iodide to 
stain dead cells. Samples were analyzed on an EPICS V cell sorter 
(Coulter Electronics. Hialeah, Fla.). Dead cells and cellular debris 
were eliminated based on their forward-angle light scatter and red 
fluorescence. At least 20000 live cells were scored for each sample 
and the intensity of green fluorescence was measured on a logarithmic 
scale. 



SPDP deriwtization of antibodies. The two antibodies to be coupled 
were separately concentrated to 10-20 mg/ml using a Centricon 100 
apparatus (Aniicon Inc. Beverly, Mass.), and dialysed into coupling 
buffer (100 mM KPO4, 100 mM NaCl, pH 7.5). Each antibody was 
stirred for 3 h at room temperature with a sixfold molar excess of 
SPDP [/V-succinimidylO.il-pyridyldithiojpropionote; Pierce, Rock- 
ford, III.] pre-dissolved at 6.25 mg/mi in dimetbylsulfoxide before 
adding to the antibody solution. Excess SPDP was removed by chro- 
matoaraphing the antibody solutions over PD10 columns (Pharmacia 
Biotech, Piscataway, N.J.). Antibody A was chromatographed in 
acetate buffer {100 mM sodium acetate, 100 mM NaCl pH 4.5) and 
antibody B in PBS (20 mM NaPOi. 150 mM NoCl, I mM EDTA, 
0.02% NaNs, pH 7.2). In either case, fractions were monitored by 
absorbance at 280 nm and protein-containing fractions were pooled. 

Antibody coupling. Derivatized antibody A in acetate buffer was 
brought to 40 mM dithiothreitol (Sigma Chemical, St Louis, Mo.) by 
addition of 24 mg/mi dithiothreitol in acetate buffer, and stirred 30 min 
at room temperature. It was then chromatographed on a PD10 column 
in PBS to remove excess dithiothreitol. and peak fractions were again 
pooled on the basis of their absorbance at 280 nm. Antibody A was 
then immediately combined with antibody B flu 1 : 1 molar ratio), and 
coupling was allowed to proceed for 4 h nt room temperature. At the 
end of this Incubation, the reaction was stopped and excess free thiol 
groups were blocked by addition of 100 mg/ml iodoacetamide (1 rog 
iodoacetamidc to a reaction containing 10 mg each antibody). 

Heteroconjusate purification. The reaction mixture was centrifuged 
for 30 s at 12000 rptn in an Eppendorf microfuge, applied to a Bio-Sil 
TSK400 HPLC column (BloRad, Richmond, Calif.) equilibrated in 
PBS, and eiuted at room temperature with PBS at a flow rate of 0.7 ml/ 
min, collecting 0.375 -ml fractions and monitoring absorbance at 
280 mru Fractions were analyzed by nonreduced sodium dodecyl 
sulfate/polyacryUwnide gel electrophoresis (SDS-PAGE) on 4<?c-\S% 
gradient Phast gels (Pharmacia), Fractions containing monomeric im- 
munoglobulin were discarded, and fractions containing dimers and low 
oligomers were pooled for further use. 

MTT assay for cell growth. Samples containing 5000-10000 target 
cells in 100 jjl! growth medium (isoue's medium +10& heat-in- 
activated fetal bovine serum + 2 mM glutamine +50 ng/ml gentamy- 
cin) were seeded in triplicate in 96-weIi flat-bottom tissue-culture 
plates, and incubated overnight at 37° C in 59b CO2. Serial twofold 
dilutions of antibodies were made in the wells teaving 100 ul final 
volume per well, and the plates were incubated for 3-6 days. An MTT 
[3-(4^-dimethylthia20l-2-yl)-2,5-diphenyltetrazolium bromide] assay 
kit (Cell'nter 96, no. G4100, Promega Corp., Madison, Wis.) was used 
to evaluate the number of viable cells remaining in the wells. A 15-uJ 
sample of dye solution was added per well and the plate was incubated 



Table 1. Antigen fork component antibodies 


Antibody 


. Immunogen 


Isotype 


Antigen 


Function 


2G3 


Breast cancer membranes 


IgGl 


High-molecular-mass mucin 


Modulation of adhesion? 


113F1 


MCF-7 breast cancer 
cell line 


JgG3 


40/60/100/200 kDa glyco- 
protein complex 


Unknown 


260F9 


Breast cancer membranes 
from liver metastasis 


TgGl 


55 kDa glycoprotein 


Unknown 


317G5 


BT-20 breast cancer 
cell line 


IgGl 


42 kDa glycoprotein 


Unknown 


454A12 


SK-BR-3 breast cancer 
cell Line 


IgG I 


Human transferrin receptor 


Iron transport 


520C9 


Breast cancer membranes 


IgGl 


c*erbB-2 protooncogene 
product (heregulin) 


Growth/differentiation 
factor receptor 



Six previously characterized murine monoclonal antibodies raised against human breast cancer [3, 5] were chosen for their recognition of distinct 
rumor-associated antigens 
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Fig. la, b. Effects of antigen forks and unconju- 
gated component antibodies on cell growth. HT-29 
cells (a) or SK-BR-3 cells (b) were seeded at 5000 
cells/well and serial dilutions of antigen fork 
heteroconjugates or component antibodies were 
tested for anti-proliferative effects in 6-day MTT 
growth assays. Dilutions of sodium azide were 
included as a cytotoxic positive control. Results 
are expressed as a percentage of control cell 
growth in the absence of any antibody or conju- 
gate, and error bars indicate 95% confidence 
intervals for mean growth data 



for 4 h at 37° Cm 5% COi before the addition of 100 ui solubilization 
solution. Plates were read for absorbance at 570/630 nm on an enzyme- 
linked immunosorbent assay plate reader after all blue crystals had 
dissolved (typically 1-5 days at room temperature in a moist cham- 
ber). Error bars on MTT data represent 95% confidence intervals for 
the means of replicate data. 

Results 

Cell line binding by component antibodies 

Six monoclonal antibodies were selected as potential 
components for antigen forks (Table 1). These antibodies 



recognize a high-molecular-mass mucin, several smaller 
glycoproteins or glycoprotein complexes, the c-erfcB-2 
protooncogene product, and human transferrin receptor. 
Three cell lines were chosen for initial testing and two 
more were added in later experiments. HBL-100 is a non- 
tumorigenic human mammary epithelial cell line that ex- 
presses low to undetectable levels of the antigens rec- 
ognized by our antibody set. It may be considered as a 
surrogate for normal cells lacking some tumor-associated 
antigens and expressing others at low levels. HT-29, 
SK-BR-3, SK-OV-3 and SW948 are, respectively, color- 
ectal, breast, ovarian and colorectal human cancer cell lines 



Table 2. Cell line binding of antigen fork component antibodies 



Cell line 


mlg 


2G3 


I13F1 


260F9 


317G5 


454A12 


520C9 


HBL-100 


0<3) 


+ (74) 


+ (87) 


± (34) 


0(5) 


+ (77) 


+ (14) 


HT-29 


0(6) 


± (16) 


± (15) 


0(7) 


++(171) 


+ (59) 


± (38) 


SK-BR-3 


± ni) 


+ (81) 


++(141) 


++(138) 


++(133) 


+ (78) 


++(171) 


SK-OV-3 


0(3) 


+ (66) 


0 (3) 


+ (78) 


+ (70) 


+ (61) 


++ (165) 


SW948 


0(5) 


±(26) 


++ (123) 


0(9) 


++(175) 


+ (53) 


± (38) 



Binding of six chosen monoclonal antibodies or normal polyclonal weakly positive (±; MFI = 11-50), moderately positive (+; 

mouse immunoglobulin (mlg) to the HBL-100 human mammary MFI - 51-100) or strongly positive (++; MFI >100). The actual 

epithelial cell line and four human tumor cell lines was evaluated by mean fluorescence intensity in channel number is given in parentheses, 

flow cytometry as described in Materials and methods. Results are with 25 channels equal to a doubling in signal intensity 
categorized as negative (0; mean fluorescence Intensity » 0-10), 
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chosen for higher expression levels of selected antigens. 
Table 2 presents mean fluorescence intensity binding data 
for the six antibodies on these cell lines, as determined by 
flow cytometry. 



Preparation of antigen fork heteroconjugates 

Antigen fork heteroconjugates were produced by SPDP 
crosslinking t and separated from uncoupled monomelic 
antibodies by size-exclusion HPLC. Fractions were ana- 
lyzed by nonreduced SDS-PAGE; those containing large 
amounts of monomeric antibody or higher oligomers were 
discarded and those containing primarily material of anti- 
body heterodimer size were pooled for use. Fork prepara- 
tions unavoidably contained a certain amount of antibody 
trimer and tetramen so an average fork molecular mass of 
approximately 400000 Da has been estimated for the pur- 
pose of calculating molar concentrations. 

Effects of antigen forks versus component antibodies on 
cell growth 

The ability of monoclonal antibodies or forks to inhibit 
growth of the HBL-100, SK-BR-3 and HT-29 cell lines was 



studied using a 6-day MTT growth assay. None of the cell 
lines was significantly inhibited by any of the six un- 
conjugated antibodies at concentrations up to 100 nM, and 
none of the antigen forks significantly inhibited the growth 
of the non-mmorigenic, low-antigen-expressing HBL-100 
line (data not shown). However, the 317G5-454A12 antigen 
fork significantly inhibited HT-29 colorectal cancer cells 
(25% -45%) at fork concentrations of 0.8-20 ^ig/ml 
(2-50 nM). Figure i a compares the 317G5-454A12 fork to 
its unconjugated component antibodies. Using SK-BR-3 
breast cancer cells, the 113F1-454A12 fork caused signif- 
icant inhibition (56% -78%) at 0.8-20 jig/ml t and the 
520C9-454A12 fork caused significant inhibition 
(529fe-72%) at 0.16-20 jag/ml The inhibition curves for 
these forks and their parent antibodies are shown in Fig. 1 b. 
Three other forks (2G3-454A12, 2G3-520C9 and 260F9- 
454A12) caused lesser (up to 39%), but significant in- 
hibition of SK-BR-3 cells at fork concentrations of 
0.8-20 ng/ml (data not shown). 

Results from additional MTT assays are summarized in 
Table 3, which also includes data from experiments on the 
SW948 colorectal and SK-OV-3 ovarian cancer cell lines. 
Results representing more than 30% inhibition of cell 
growth are highlighted. The three forks chosen for pre- 
sentation in Fig. 1 remained the most consistently active. 
The 113F1-454A12 fork caused more than 30% growth 



Table 3. Growth of cell lines in the presence of antigen forks 



Cell line Assay Days Fork Growth (Sfc control) 





no. 




(nM) 


Gl 


G2 


G3 


G4 


G5 


12 


13 


14 


15 


23 


24 


25 


34 


35 


45 


HBL-100 


F3 


3 


50 








100 








88 






87 




98 




94 




F4 


3 


50 


102 


126 


99 


82 


88 






87 






75 




91 




99 




F5 


5 


50 


98 


103 


100 


103 


101 


100 


99 


93 


103 




98 




98 




103 




F6 


3 


50 


105 


107 


109 


111 


95 


98 


104 


87 


97 




no 




92 




94 




F7 


6 


50 


92 


106 


93 


104 


95 


in 


101 


93 


101 




101 




103 




112 




F8a 


6 


50 


82 






91 


94 


97 


99 


89 


99 


97 


106 


108 


100 


99 


95 




F8b 


6 


50 












99 


95 




96 














SK-BR-3 


Fl 


3 


62.5 








97 








66 






81 




87 




68 


F2 


3.75 


50 








99 








68 






96 




101 




78 




F3 


3 


50 








93 








57 






92 




116 




65 




F4 


3 


50 


88 


93 


105 




99 












86 




94 




58 




F5 


5 


50 


77 


101 


100 


94 


96 


94 


75 


46 


77 










F6 


3 


50 


07 


107 


103 


108 


103 


76 


82 


62 


82 




103 




93 




65 




F7 


6 


50 


62 


100 


99 


65 


74 


74 


76 


25 


73 




64 




80 




31 




F8a 


6 


50 


64 






76 


84 


72 


67 


25 


55 


. 82 


63 


70 


82 


64 


40 




F8b 


6 


SO 












98 


104 




66 














SK-OV-3 


F9 


6 


25 


99 


ioo 


99 


78 


84 


89 


98 


68 


97 


90 


81 


99 


81 


89 


66 


F10 


6 


50 








95 








85 






89 




103 




85 


HT-29 


F3 


3 


50 








102 








92 






101 




66 




IOO 




F4 


3 


50 


105 


HI 


105 


103 


101 






72 






95 




64 




92 




F5 


5 


50 


97 


107 


113 


101 


95 


105 


100 


84 


106 




93 




48 




104 




F6 


3 


50 


101 


103 


94 


102 


104 


100 


97 


89 


102 




100 




81 




87 




F7 


6 


50 


94 


99 


103 


no 


107 


106 


91 


91 


105 




100 




57 




106 




F8a 


6 


50 


103 






103 


96 


98 


109 


102 


103 


106 


104 


.114 


52 


114 


110 




F8b 


6 


50 












106 


104 




102 














SW948 


F9 


6 


25 


103 


101 


96 


107 


109 


107 


102 


54 


106 


96 


104 


102 


40 


102 


101 




F10 


6 


25 
















36 










43 







Fifteen antisen forks buflt from six monoclonal antibodies were tested Assay results are shown as percentages of control growth in the 

In 11 MTT assays. Fork names are abbreviated as two-letter codes !n absence of any fork or antibody treatment. Results representing more 

which G stands for 2G3, 1 for 1 1 3F1 , 2 for 26DF9, 3 for 3 I7G5, 4 for than 30% inhibition of cell growth are shown in bold 
454A12 and 5 for 520C9; e.g., "34" stands for 317G5-454A12 fork. 
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1 1 3F1/454A1 2 317G5/464A12 620C9/454A1 2 
SW948 SW948 SK-BR-3 



Fig. X Effects of antigen forks compared to single or combined 
component antibodies. Component antibodies, equimolar mixtures of 
component antibodies, or corresponding antibody heteroconjugates 
were tested for anti-proliferative effects in 7-day MTT growth 
assays. Hie 113F1-454A12 and 317G5-454A12 forks and their 
components were tested on SW948 colorectal cancer cells seeded at 
5000 cells/well* while the 520C9-454A12 fork and its components 
were tested on SK-BR-3 breast cancer cells seeded at 10000 cells/well. 
All antibodies were used at 20 Jig/ml (133 nM); the I13FM54A12 
fork was used at 10 ug/ral (approximately 25 nM) and the other two 
forks at 20 jig/ml (approximately 50 nM). Results ore expressed as a 
percentage of control cell growth in the absence of any antibody or 
conjugate, and error ban indicate 95% confidence intervals for the 
means of growth data 



inhibition in 7/7 experiments with SK-BR-3, 2/2 experi- 
ments with SW948 and 1/2 experiments with SK-OV-3. 
The 317G5-454A12 fork caused more than 30% inhibition 
in 5/6 assays with HT-29 and 2/2 assays with SW948, while 
the 454A12-520C9 fork gave more than 30% inhibition in 
6/7 tests with SK-Br-3 and 1/2 tests with SK-OV-3. Certain 
other forks showed lower or less consistent levels of ac- 
tivity against the SK-BR-3 cell line, e. g„ 2G3-1 13Fl t 2G3- 
454A12, 113F1-260F9, 113F1-317G5, 113F1-520C9, 
260F9-454A12 and 317G5-520C9. 

The inhibitory effects of 113F1-454A12, 317G5- 
454A12 and 520C9-454A12 depended on covalent con- 
jugation of the forks. Figure 2 compares cell growth in the 
presence of antigen fork heteroconjugates, single-compo- 
nent antibodies, or equimolar mixtures of component an- 
tibodies. When 520C9-454A12 and its components were 
tested on SK-BR-3 cells, only the antigen fork significantly 



45 

affected growth (69% inhibition). On SW948 cells, com- 
ponent antibody 317G5 alone or combined with 454A12 
had no significant effect, and single-component antibodies 
113F1 and 454A12 caused marginally significant effects at 
12% and 11% inhibition respectively. The combination of 
113F1 and 454A12 caused more significant inhibition 
(20%), but much less than that observed with the 113F1- 
454A12 fork (71%) or the 317G5-454A12 fork (39%). 

Since the three most active antigen forks all contained 
antibody 454A12 against human transferrin receptor, and 
since antibodies to transferrin receptor have been reported 
to inhibit cell growth [33, 35, 36], we compared the three 
active fork heteroconjugates with a similar SPDP-cross- 
linked 454A12-454A12 homoconjugate (Tfeble 4). While 
the 454A12 homoconjugate slightly affected the growth of 
HBL-100 mammary epithelial cells (7% inhibition; mar- 
ginally significant at the 95% confidence level), it had no 
significant effect on the growth of HT-20 or SK-BR-3 
cancer cells. As expected from previous experiments, 
HT-29 cells were significantly affected by 113F1-454A12 
and 317G5-454A12 (56% and 46% inhibition, respec- 
tively), and SK-BR-3 cells were significandy affected by 
520C9-454A12 fork (50% and 68% inhibition in two ex- 
periments) 

Discussion 

We have described a set of "antigen forks" constructed as 
antibody heteroconjugates. Binding of an antigen fork to a 
tumor cell is expected to crosslink heterologously two 
distinct cell surface antigens. Crosslinking of surface 
markers (as opposed to monovalent binding) frequendy 
affects antigen turnover and/or signal transduction. The 
effects of an antigen fork may be relatively selective if 
crosslinking occurs only on cells having both surface an- 
tigens, and is not experienced by bystander cells exhibiting 
only one of the antigens. Furthermore, if the antigens 
crosslinked have different biological functions, one or both 
functions may be impaired by the crosslinking, leading to 
cell death or inhibition of cell growth. 

Our antigen forks were generated from a set of mouse 
monoclonal antibodies recognizing six different human 
tumor surface antigens. Antibody 2G3 (also called Wl) 
recognizes a high-molecular-mass mucin expressed on 
carcinoma cells as well as normal mammary epithelium 
and milk fat globule membranes [17]. Such mucins are 



Table 4. Growth inhibition by antigen forks compared to 454A12 homoconjugate 



Conjugate 


Mean growth (9fc control) 










HBL-100 


HT-29 


SK-BR'3, Expt 1 


SK-BR-3, Expt. 2 


Medium only 

113F1-454A12 

317G5-454A12 

454A12-454A12 

520C9-454A12 


100.0±2.4 
99.1 ±3.2 
95.3 ±2.1 
93.2±4.2» 

I04J±21.9 


100.0±3.7 
44.4 ±7.9* 
54.1 ±9.5* 
84.2±17.0 
85.2±1.7* 


100.0±!.9 
97.3 ±25.4 
104.0 ±4.5 
* 97.9 ±3.0 
50.3 ±4.9* 


100.0 ±3.5 

ND 

ND 

97.7 ±4.4 
32.4 ±13* 



Cell lines were grown 6 days with or without 10 ng/ml antigen fork conjugate, expressed as a percentage of control growth in wells 

heteroconjugate <Jr-454Al2-454A12 homoconjugate and growth was without conjugate. ND, not determined 

measured by MTT assay. Results shown are mean growth ±95% * Results where 95% confidence intervals do not overlap with those 

confidence interval of mean from triplicate wells containing antibody for control growth 
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thought to prevent unwanted cell adhesion and to mediate 
adhesion via carbohydrate/selectin interactions [9]. While 
antibodies that bind mucins are in general poorly en- 
docytosed, 2G3 may be exceptional, since its ricin A 
chain conjugate was moderately cytotoxic to mucin-ex- 
pressing tumor cell lines [3]. 

Antibodies 113F1, 260F9 and 317G5 recognize smaller 
cell-surface glycoproteins found oh a wide range of carci- 
nomas and on secretory epithelial structures in a number of 
normal tissues. The functions of the 113F1 and 260F9 an- 
tigens are unknown. Antibody 317G5 binds the pan-epi- 
thelial glycoprotein recognized by monoclonal antibodies 
17-1A, KS1/4, 323/A3 and GA733; the function of this 
antigen is also unknown, although sequence homologies to 
other proteins have been identified [2]. Studies with im- 
munotoxins constructed from 113F1, 260F9 and 317G5 
suggest that the antigens recognized by these antibodies are 
endocytosed at moderate rates [3], 

Antibody 454A12 recognizes human transferrin re- 
ceptor, which has a central role in cellular iron uptake [31], 
Transferrin receptor is found at high levels in many tumors, 
and is also expressed on essentially all rapidly dividing 
normal cells [16], It is rapidly and efficiently endocytosed 
and recycled intact to the cell surface [31, 34]. 

Finally, antibody 520C9 recognizes an extracellular 
epitope of the c-*/£B~2 (HERHneu) human protooncogene 
product [25, 26], This antigen is the most nearly tumor- 
restricted in the set, occurring at amplified levels in many 
breast, colorectal, ovarian and other carcinomas, but on 
very few normal human tissues [22, 25]; its rate of endo- 
cytosis, on the basis of immunotoxin experiments, was 
moderate [3]. The c-erbB-2 product has been characterized 
as a growth or differentiation factor receptor involved in 
signal transduction [10, 18, 19, 23, 38].. Although certain 
antibodies to c-erbB-l have been reported to inhibit the 
growth of cancer cells simply by binding [1, 13, 27-30], 
we have not observed strong growth inhibition with anti- 
body 520C9. 

While some of the above antigens are poorly char- 
acterized, and none is perfectly restricted to tumors, they 
constitute six distinct cell-surface molecules, presumably 
representing a number of different functions, at least some 
of which may be sensitive to heterologous crosslinking 
caused by an antigen fork. When we constructed and tested 
the 15 possible antigen forks from our set of six antibodies, 
three forks had particularly strong anti-growth effects 
against tumor cells. The 113F1-454A12 and 520C9- 
454A12 forks inhibited SK-BR-3 breast cancer cells, and 
113F1-454A12 also inhibited SW948 colorectal cancer 
cells. The 317G5-454A12 fork was effective against both 
colorectal cancer cell lines. HT-29 and SW948, but not 
against SK-BR-3. In each case* one target antigen was 
strongly expressed on the target cells and the other target 
antigen (human nansferrin receptor) was moderately ex- 
pressed. Significant growth inhibition was seen at fork 
concentrations of 0.4-40 u,g/ml, or* approximately 
1 — 100 nM. Unconjugated component antibodies had little 
or no effect within the same concentration range. As ex- 
pected, forks did not affect the growth of the non-tumori- 
genic HBL-100 inarrimary line, which expresses low to 
negligible levels cf the relevant antigens. 



All three of the most active forks contain an antibody 
against transferrin receptor, and each also recognizes a cell- 
surface glycoprotein. Experiments with radiolabeled anti- 
bodies and forks indicate that the three highly active forks 
are endocytosed into their optimal target cells less rapidly 
than transferrin receptor antibody 454A12. but more rap- 
idly than their other component antibodies (T. Shi, J. 
Reeder and D. Ring, unpublished data). This suggests that 
the mechanisms of these three forks may be related either 
to interference with normal transferrin receptor cycling 
(and thus with iron transport) or to removal of the other 
antigens from the cell surface. In the case of 520C9- 
454A12, the second antigen is the c-erbB-2 growth factor 
receptor, and its removal may interfere with signal trans- 
duction. Although unconjugated antibodies to transferrin 
receptor have been reported to inhibit the growth of certain 
cells [33, 35, 36], neither unconjugated 454A12 nor its 
SFDP-linked homoconjugate was nearly as inhibitory as the 
113F1-454A12 and 317G5-454A12 forks to HT-29 cells or 
the 520C9-454A12 fork to SK-BR-3 cells. The low activity 
of the 454A12 homoconjugate suggests that the higher 
activity of the heteroconjugate forks involves their second 
antigenic specificity, and is not simply a result of increasing 
the valency or avidity of 454A12 via conjugation. 

For the two colorectal cancer cell lines tested, sensitivity 
to antigen forks correlated with higher levels of antigen 
expression. The only fork active against HT-29 was 317G5- 
454A12, and the component antibodies of this fork were the 
only ones to bind HT-29 (317G5) or moderately (454A12). 
The two forks active against SW948 were 113F1-454A12 
and 317G5-454A12. In this case, 113F1 and 317G5 bound 
SW948 cells strongly. 454A12 bound moderately, and the 
other component antibodies bound weakly or not at all. 

For SK-BR-3 breast cancer cells, the most consistently 
active forks were 113F1-454A12 and 520C9-454A12. In 
both of these combinations, the first component antibody 
bound SK-BR-3 strongly and the second bound moderately. 
Interestingly, the 317G5-454A12 fork did not inhibit 
growth of SK-BR-3 cells despite the facts that (a) 317G5 
bound SK-BR-3 strongly and 454A12 bound moderately, 
and (b) the same fork preparation was active against the 
HT-29 and SW948 lines, which showed comparable high/ 
moderate levels of component antibody reactivity. 

Several forks failed to inhibit growth of cell lines that 
reacted strongly to moderately with both their component 
antibodies (e.g. 113F1-317G5 on SW948 cells or 260F9- 
317G5, 260F9-520C9, 317G5-454A12 and 317G5-520C9 
on SK-BR-3 cells). We assume that the 317G5-454A12 
preparation contained active bispecific molecules because 
it inhibited cell lines (HT-29, SW948) that were not in- 
hibited by its component antibodies or by the 454A12 
homoconjugate. In other cases where no cell line was 
strongly inhibited, we caunot rule out the possibility that 
apparently inactive forks were actually damaged during 
SPDP conjugation, since we screened only for anti-growth 
effects and did not separately measure the binding ability of 
our antibody heteroconjugates after crosslinking. 

While we expect antigen forks primarily to crosslink 
antigens on the same cell, it is possible that a fork could 
cause cell complexing by binding antigens on different 
cells. Such complexing might extend to cells that do not 
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simultaneously express both antigens, and could con- 
ceivably affect their growth. We do not believe that cell/cell 
complexing was a significant factor in the results presented 
above. The cells used in our assays were adherent, and few 
cells were in contact in the lightly seeded wells at the time 
bispecific antibodies were added. Flow-cytometric experi- 
ments (data not shown) indicated that our forks at 20 jig/ml 
had only a limited ability to complex suspended SW948 or 
SK-BR-3 cells, which did not correlate with their ability to 
inhibit growth of these cell lines at considerably lower fork 
concentrations. The highly inhibitory 317G5-454A12 and 
520C9-454A12 forks failed to complex SW948 cells and 
SK-BR-3 cells respectively. The highly inhibitory 113F1- 
454A12 fork did complex SW948 cells, but so did the in- 
active 113F1-317G5 fork, to a similar extent. 

In vivo* we believe that heterologous crosslinking of 
antigens on the same cell will be more important than 
bridging of antigens on different cells. Cell/cell bridging 
would be limited to contact zones of different solid-tissue 
cell types, or to interactions of circulating blood cells with 
solid tissues. In many situations, steric and kinetic factors 
may disfavor binding of an antibody molecule to two cells 
rather than two antigens on the same cell. Nevertheless, the 
possibility of cell bridging deserves continued attention, 
since it could undermine any enhanced tumor selectivity of 
antigen forks, and might result in effects on normal tissues 
that express only one antigen. 

While several of the forks we screened showed strong 
effects on tumor cell proliferation, none completely inhib- 
ited growth or killed all tumor cells at the concentrations 
used, although greater inhibition was observed in longer 
MTT assay periods. In subsequent experiments, we have 
observed that combinations of antigen forks with small- 
molecule chemotherapeutic drugs, including cisplatin and 
the iron chelater deferoxamine, provide synergistic and 
complete killing of target tumor cells (Sylvia T. Hsieh-Ma, 
unpublished data). Furthermore, monovalent antigen forks 
constructed by linking Fab' fragments instead of whole 
antibodies retain activity (Tim Shi and Sylvia T. Hsieh-Ma, 
unpublished data), which has led us to begin making fork- 
secreting hybrid hybridomas. 

The three active antigen forks identified in this paper 
may be interesting as prototypes of cancer therapeutic 
agents, since their tumor selectivity is likely to be greater 
than that of their component antibodies. The 520C9- 
454A12 fork is particularly attractive, since the c-erbB-2 
antigen recognized by 520C9 already has a very restricted 
normal tissue distribution [22, 25], which does not overlap 
with the normal tissue structures that express high levels of 
transferrin receptor [6, 11]. Antibodies 113F1 and 317G5 
bind considerably more normal tissue structures than 
520C9 (unpublished data), but again* there is little overlap 
between the secretory epithelial structures recognized by 
these antibodies and sites of high transferrin receptor ex; 
pression. 
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A Phase I dinicaJ trial in cancer patient! with a new mooockwal 
antibody (MAb), FC-2.15. Mcrdofa J., SOva C„ Albarelke M. A Kiiny«xx» C. 
hmtkhito de tovntigacaooo Rinr-^mi*-— 'TundacioQ t*w%"" i iv * and Imtrtrto 
Alexander Fleming Bncnot Aim. Argentina. 

FC-2.15 b ft new inurioc IgM MAb that rccogaiza prcviorah/ tmdocnbcd antigen 
present m proliferating brean cancer cells and normal peripheral granulocyte*. A 
fW: I clinic*! that wn pcrfornjed is 10 patients with advanced cancer (breatt-4, 
=1, mdftnoa»=2, hmg= 1, medullary mynwt^l, drin epidennoid 
"1). FC-2.15 was n in iiii dn e d by i.v. mfbiion every other day ; nine 
r received 4 atasioot and one patient 3 rafubooB. One patient received 2 
cyda of treatment Total doaa of FC-2.15 ranged between 2.4 and 5.1 ma/kg. 
Maximal FC-2.15 aerum cooceotntioo ranged between 2.2 ug/col and 5.5 pa/ml, 
and sta scram batt-bfc ft U/2 ) wn about 9 nr. AH paticr^ developed KAMA Tnt 
mora cxwmmrm tide enect (10/10 patieod) wit « profound and itlectiv* neutropenia 
wicboexxircdwimm 1 far after the ■tart of each mfu-boo cod rrveraed wirhxij I or after 
hi . Other frequent aide effect! wyVM fever < 38 °C and driDj that 

wat eaaDy m anageable. None of these eftecti required dote redoctkn or treatment 
interruption : the patient wfakg received two ti e a n n e i* eydei Ad not devAy *TWy- 
icactkaa. A oompfate rea p o na c of a frarrrrlhilar c a njaan a and a r*i*iirmt (6 
sionthi) > 50 % partial retpome of hreact caranexna Irver nietaftasa \« 
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Clinical evaluation ofTc-99m labelled anti-TF MAh 170 in the assessment o! 
metastatic colorectal cancer. Kirsh. J,. Smith A., Reillv R., Gallinper S., & 
Stern H. Departments of Surgery and Nuclear Medicine. Mount Sinai Hospital and 
The Toronio Hospital, University of Toronto. Toronto. Oniario M5G 1X5. 

MAb is an antibody directed ajjainst a membrane protein associated with the 
Thomsen-Friedenreich antigen, expressed on tbe majority of human adeno- 
carcinomas. Our objective was to evaluate the efficacy of Tc-99m labelled MAb 
170 for assessment of metastatic colorectal cancer (MCRC). Twenty patients (6 
with concomitant primary CRC) were injected i.v. with IS00 MBq (2 me) of Tc- 
99m MAb 170. At 22 h p.i. planar and SPECT images of the abdomen and pelvis 
were obtained. Sixteen patients (pts) underwent laparotomy within 48 h p.i. and 
samples of tumor and normal tissues were obtained. Radioactivity in these tissues 
(%ID/g) was measured by scintillation counting MAb 170 correctly identified the 
primary tumor in 3/6 pts and MCRC in 3/5 pis with biopsy confirmation. Two FN 
studies were in 1 pt with liver metastases and 1 pi with a pelvic nodule.Two 
additional pts with positive MAb 170 scans await surgical follow-up. CT or US 
identified MCRC in 4/5 pis. Two pts with negative MAb 1 70 scans who underwent 
laparotomy after radiological tests suggested MCRC were found to have non- 
malignant disease. Two pts with high, rising CEA exhibited positive MAb 170 
scans but MCRC could not be identified at laparotomy (FP>. Radioactivity in the 
tumor or normal bowel was 0.0000-»-0.005^1D/g and 0.0000 1 -0.005 5£ IDA;' 
respectively. W e conclude that Tc-99m MAb 170 may have an important role in 
the assessment of occult MCRC. 
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Radioimrnunodetection of epithelial cancers with an anti-MUCl murine 
monoclonal antibody. Sharkey, R.M., Dion, A.S., Swayne, L.C., Come, 
P., Markowitz, A., and Goidenberg, D.M. Garden State Cancer Center at 
the Center for Molecular Medicine and Immunology, and St. Michael's 
Newark, NJ 07103, and Morristown Memorial Hospital, Morristown, NJ 
07950. 

We have investigated an lgQ l murine monoclonal antibody (MAb) that is 
reactive with a tandemly repeated peptide epitope of MUC1. 
Immunohistology indicated that the MAb reacted with 84% (21/25) and 93% 
(13/14) of primary and metastatic breast cancers, respectively. Also, 
significantly elevated serum levels of MUC1 were found for at least 50% of 
breast (all stages), colon, lung, prostate, ovarian, and pancreatic cancer 
patients. Clinical trials have been initiated to determine the targeting ability 
of this antibody. u, I-labeled IgG or F(ab% as well as 9ta Tc-Fab' fragments, 
have been studied in 5 breast, 3 ovarian and 1 lung cancer patient. Tumors 
were localized in all but 1 of the breast cancer patients. In 2 patients, disease 
was first seen by radioantibody imaging with subsequent confirmation by 
magnetic resonance imaging. Although MUCl is found in the plasma, < 
25% of radiolabeled antibody in the plasma was complexed after injection in 
only 3/6 assessible patients. These studies suggest that this anti-MUCl MAb 
may be a useful antibody for detection or therapy of epithelial cancers. 
(Supported in pan by PHS grant CA39841 .) 
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Phase I trial of a bispecific murine monoclonal antibody targeting c-erbB- 
2 and CD16. Wcincr. L.M., Ring, D. 1 . Li, W., Palazzo. I.E., Davey, M., 
Rivera, V., Alpnugh, R.K. Fox'Chase Cancer Center. Philadelphia, PA 191 1 h 
1 Chiron Corp.. Emeryville, CA 94608. 

Bispecific monoclonal antibodies (BsMAb) can direci tumor lysis by 
effector cells via defined cytotoxic trigger molecules. The BsMAb 2B1 
promotes c-erbB-2 tumor cell lysis by human NK cells and macrophages 
expressing CD16 (i.e.. FcvRlII), and is effective in murine xenograft models. 
Neutrophils (PMN) express an isofarm of CD16 that does not trigger lysis. In 
a dosc-cscalaiing Phase I clinical trial, nine patients with c-erbB-2(+) tumors 
have been treated i.v. with 1 hr BsMAb infusions on days 1.4.5,6.7 and 8, at 1 
rrig/m 2 (n=3) or 2.5 mg/m 2 (n=6) 2B1 per dose. The MTD has not been 
reached. Treatment causes fevers, rigors, reversible neutropenia and loss of 
circulating monocytes and NK cells. Treatment also alters the distribution of 
In-labclcd autologous leukocytes, with tumor localization noted in at least 
one patient. Circulating 2B1 retains its dual binding characteristics. Peak 
levels of 240-2260 ng/ml murine IgG have been delected, with binding to 
circulating and peritoneal PMN, NK cells and mononuclear phagocytes. One 
clinical response has been observed in a patient with chest wall recurrence of 
breast cancer. The binding of this BsMAb to CD16-expressing leukocytes has 
potent biological effects which may be exploited at higher, tumor-binding 2B1 
doses. 



1307 

Initial clinical investigations of PAM4, a new murine monoclonal antibody 
against pancreatic cancer. Sharkey, R.M., Gold, D.V., Markowitz, A., 
Swayne, L.C., Conte, P., and Goidenberg, D.M. Garden State Cancer 
Center at the Center for Molecular Medicine and Immunology and St. 
Michael's Hospital, Newark, NJ 07103, and Morristown Memorial Hospital, 
Morristown, NJ 07950. 

A new murine monoclonal antibody designated PAM4 was generated 
against a mucin from pancreatic cancer. By immunohistology, PAM4 showed 
reactivity with greater than 80% of pancreatic cancers and yet was unreactive 
with normal adult pancreatic tissue. Animal studies showed excellent 
targeting with m Mabeled PAM4 (21 to 44 percent of injected dose per gram 
of tumor at day 3 post injection for 4 different human pancreatic tumor lines). 
Five patients with proven pancreatic cancer have been studied using '"I- 
PAM4 IgG or ** B Tc-PAM4 Fab'. Definitive tumor localization was seen in 
4/5 patients. Dosimetry from 2 patients receiving I31 I-PAM4 IgG predicted 
rumors received 10-20 cGy/mCi with rumor/red marrow dose ratios ranging 
from 3-10. These results suggest that PAM4 is a promising antibody for 
targeting pancreatic cancer. (Supported in pan by PHS grants CA39841 and 
CA54425 and a grant from the Roben Leet and Clara Guthrie Patterson 
Trust.) 
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Induction of complete remission In advanced refractory chronic 
lymphocytic leukemia (B-CLL) by CAMPATH-1H with disappearance of 
malignant trisomy- 12 clone determined by fluorescence in altu 
hybridiiation (FISH). H. Ozer. A. Steagall. C. Coppedge, M.A. Collier and J. 
Purvis. University of North Carolina, Chapel Hill, NC 27599 and Burroughs 
Wellcome Co., RTP. NC 27709. 

CAM PATH- 1H is under investigation in the therapy of non-Hodgkin's 
lymphoma and B-CLL. CAMPATH 1-H. a "humanized" version of CAMPATH* 
1G (secreting lgG2b) is produced by introducing hypervariable regions from 
the heavy and light chain variable domains of the rodent antibody (Ab) into a 
human IgG-l framework. The Ab is directed against CDw52 (CAMPATH- 1) 
antigen which is present on at least 95% of all human peripheral blood B and T 
lymphocytes and can selectively lyse lymphocytes in the presence of 
complement. Patient 67 was a 47 year old white male diagnosed in 1984, 
pretreated for 8 years with peniostatin/interleron, chlorambucil, splenic 
irradiation, and fludarabine. refractory to each regimen. In 9/92 he developed 
splenomegaly > 14 cm. WBC > 600.000 and a 4 cm right upper lung mass. He 
received CAMPATH-1H beginning at 25 mg/m2 escalated to 75 mg/m2 tiw IV 
for 3 months per protocol BW-01. He achieved a complete remission (CR) at 4 
weeks and has remained in unmaintained CR for 12 months. Karyotyping in 
9/92 confirmed presence of a trisomy 1 2-positive clone with a normal 46 XY 
karyotype in 2/93. Absence of minimal residual disease by FISH was 
documented in 2/93. These data confirm the potential for major clinical and 
cytogenetic responses in advanced refractory CLL to CAMPATH- 1H. 
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QytoJ xicily of Conjugates Between LL2 and Derivatives of Pseudomonas 
Exoiaun Toward B-Cell Non-Hodgkin's Lymphoma. KicitmsnTKX 
FitzGcndd, DJ., Hansen. H., Go!dcnbcrg t -D.M, afiq* Pastan. I. Lab. of 
Molccu iar Biology, DCBDC, NCI, NTH, Bcthcsda. MD 20892; 
lmmunomcdics Inc., Warren, NJ 07059; Center for Molecular Medicine 
and Inrnunology, Newark, NJ 07103. 

LUi is a pan-B^ccll monoclonal antibody which in radioiodinatcd form 
has induced remissions in patients with lymphoma Wc have chemically 
. coupled LL2 to PE38KDEL, a derivative of Pseudomorws exotoxin (PE) 
which ifocs not bind to the PE receptor. PE38KDEL is devoid of amino 
acids ; 252 and 365-380 of PE, and contains a -KDEL mutation instead of 
-RED]j\< at the carboxyl terminus. LL2-PE38KDEL was cytotoxic toward 
several Burkin's lymphoma lines, with an ID50 of 2 ng/ml on Daudi cells 
and about 6 ngAnl on Raji, CA-46 and JD-38 cells. LL2 alone had no 
cytotoxicity toward the malignant cells and excess 1X2 could prevent the 
cytotoxicity of LL2-PE38KDEL, indicating the immunotoxin and LL2 bind 
to the same antigen. LL2-PE38KDEL prevented the growth of CA-46 cells 
in nude mice. LL2-Fab'-PE38KDEL was produced by chemically coupling 
the Fab' fragment of LL2 to PE38KDEL. LL2-Fab'-PE38 K DEL was also 
cytotoxic, with an ID^of 2 ng/ml toward CA-46 cells. LL2-Fab'- 
PE38KDEL was given to nude mice with visible CA-46 xenografts and 
showed significant antitumor activity. Both LL2-PE38KDEL and LL2- 
Fab'-PE38KDEL are being investigated as potential therapeutic agents for 
non-HodgkhVs lymphoma. Supported in part by NIH grant CA39841 
CDMG. 
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Monoclonal antibody distribution In tumors: Theoretical and 
experimental validation ot the "binding site barrier** hypothesis. 
Weinstein, J.N.\ Juweid, M.", van Osdol, W.\ Sato, J.**, Fujimori, K.*, Saga. 
T.", Heya, T.**, and Neumann, R.** 'National Cancer Institute, "Clinical 
Center, NIH, Bethesda, MD 20815. USA; tTakeda, Inc., Osaka. Japan. 

We recently developed new quantitative models (or the penetration of 
monoclonal antibodies (MAb) and MAb radioconjugates into microscopic 
nodules representing either primary or metastatic solid tumor (Cane. Res. 51 : 
4776-4784. 4821-4827. 1991). These models refine the -binding site barrier 
hypothesis, the idea that MAbs can be prevented from penetrating tissues or 
tumors by the very fact of their successful binding to antigen (Annals N.Y. Acad. 
Sci. 507: 199. 1987); they also highlight the consequences of non-uniform 
distribution for radiation microdoslmetry. Previous experimental studies have 
shown heterogeneous antibody distribution in tumors, but there has been no 
direct experimental proof of the "binding site barrier* hypothesis. Using the new 
quantitative models to guide design of multiple-label experiments, we have now 
obtained such proof in Line 10 bile duct carcinoma of guinea pigs - by using a 
combination of double-tabel autoradiography and double-label immunohisto- 
chemistry to determine simultaneously the histological location in tumor of (i) l.v.- 
administered MAb; (ii) co administered isotype-matched control MAb; (iii) 
antigen; (tv) blood vessels. At low MAb dose, binding severely hindered 
penetration into antigenic patches as small as 300 urn; the barrier could be 
overcome by raising the dose but at a cost in specificity ratio. The same general 
principles ot micropharmacology are expected to apply to biological ligands 
other than antibodies, including those secreted by genetically modified cells. 
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TUMOR NECROSIS TREATMENT OF HUMAN CANCERS. Epstein, A.L., 
Khawli, LjV, Strum, S.*, Thompson, L.* and Taylor, C.R. Department of Patholo- 
gy, University of Southern California School of Medicine, Los Angeles, CA 90033 
and ♦Protman Medical Center, Culver City, CA. 90231. 

A new method of cancer imaging and therapy has been developed which 
utilizes necrotic cells as the target For the selective binding of monoclonal antibodies 
(MAbs) So human tumors. Designated Tumor Necrosis Treatment (TNT), this novel 
approat Vis applicable to a broad spectrum of human cancers and circumvents many 
of the limitations of MAb therapy directed against tumor cell surface antigens. Ini- 
" tial imaging trials in man utilizing 2-5 mCi 1-131 labeled TNT-1 F(ab')2 demonstrat- 
ed positive images in 5/7 cases at sites of known primary and secondary lesions, 
including liver metastases in two patients and lymph nodes in one. Whole body and 
region of interest scans showed no evidence of MAb accumulation in normal organs. 
More recently, anyIND sponsored therapeutic protocol which included weekly x 3 
doses of biottnylated TNT-1 MAb followed 4 days later by 20 raG of 1-131 labeled 
strcptavidin was begun for advanced prostate cancer patients. Early results indicate 
several significant findings including (1) rapid uptake of radiolabeled strcptavidin in 
bone metastases firs* seen at 5 hours, (2) evidence of tumor destruction determined 
by rising prostate specific antigen (PSA) early after therapy (turner lysis) followed 
by a decreased PSA value, (3) decreased bone pain, and (4) no' evidence of toxicity. 
Finally, dchalogcnation of the radiolabeled strcptavidin was not observed. These 
early findings indicate that TNT is a promising new approach for the imaging and 
therapy of solid tumors such as prostate carcinoma. 
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Effective targeting of human lymphocytes and macrophages to tumor by 
a bispecific monoclonal antibody (BsMAb) binding human c-erbB-2 
and FcfRIII. Lce.G., Weiner.L., Ring.D. 1 , HoImes.M., Alpaugh,K., 
Garcia de Palazzo.I. Fox Chase Cancer Center, Philadelphia, PA 19111 
and ^tus Corporation, Emeryville, CA 94608. 
BsMAbs which bind to tumor and effector cells can trigger cytotoxicity 
even when effector cell Fey receptors (FcyR) are occupied by competing 
immunoglobulin. The BsMAb 2B1 is produced by a quadroma derived 
by fusion of hybridomas 520C9 (anti-c-erbB-2) and 3G8 (anti-FcyRIII). 
Highly purified 2B 1 is a potent promoter of in vitro lysis of c-erbB-2- 
expressing tumors by human large granular lymphocytes (LGLs) and 
macrophages expressing FcyRIH. Prior cellular activation by cytokines , 
is not required for substantial lysis, which is unimpeded in human 
serum or whole blood. 2B1 recognizes nearly all tumors known to 
overexpress c-erbB-2 protein despite its monovalent antigen binding 
properties. Treatment olscid mice bearing SK-OV-3 human tumor 
xenografts with 2B1 results in significant prolongation of survival and 
some cures. 2B1 meets the criteria for clinical development to test the 
hypothesis that BsMAbs can promote in vivo accumulation of cytotoxic 
effectors in tumor. 
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Radioimmunotherapy of Relapsed B-Cell Lymphoma with Yttrium Anti- 
idiotype Monoclonal Antibodies. Royston, L, Parker, B.A.*, White, CA*, 
Miller, R.A.**, Hupf, H.***, Starr, R., Shawler, D.L., and Hal pern, S.E. , 
San Diego Regional Cancer Center, San Diego, CA 92121, UCSD, La 
Jolla CA 92093, **ldec Pharmaceutical Corp., Mountain View, CA 94043, 
and ***Hybritech, Inc., San Diego, CA 92121. 

We initiated a phase l/II trial of ^Yttrium (Y)-conjugated anti-idiotype 
(anti-Id) monoclonal antibody therapy to evaluate its toxicity and efficacy in 
relapsed B-cell non-Hodgkin's lymphoma. Six patients received *>Y-anti-Id 
with cumulative doses of 10-54 mCi and 1000-4550 mg unlabeled anti- 
Id. Tumor imaging with m In anti-Id was demonstrated prior to W Y 
infusion for each patient. Bone marrow toxicities were nadir WBC 1800- 
4600, nadir granulocytes 680-3270, and nadir platelets 34,000-178,000. 
Non-hematopoietic toxicities were minimal. No patients developed human 
anti-mouse antibodies. Dosimetry calculations suggest tumors received a 
dose of 18-43 cGy/mCi »°Y. One patient had a complete response, 2 had 
partial responses, 2 had stable disease, and 1 had progressive disease. 
Response duration was 2-12 months. The complete response relapsed at a 
new site with Id* disease after 12 months. The attainment of free circulating 
mouse IgG in the presence of low circulating Id appeared important for 
tumor targeting and clinical benefit. The observation of anti-tumor 
responses in a heavily pretreated population warrants further study of 
repetitive, low dose ^Y-anti-Id therapy. 
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Selective photodynamic killing of human B lymphoma cells using 
monoclonal antibody-porphyrin conjugates. 
W.C. Biddle, J.D. Pancook, D.A. Musser, A. Oseroff. 
life Technologies Inc., Grand Island; N.Y. and Dept. of Derma- 
tology, Roswell Park Cancer Institute, Buffalo, N.Y. 

A model system for the selective killing of B cell malignancies utilizing 
the photosensitizer SJO^S^tetracarboxyphenylporphirie (TCPP), 
covalentry coupled to the murine monoclonal antibody (MAb) Lym-I, was 
expanded to include several other B cell-reactive MAb's. The Bl, B3, B4 : 
ari<l J5 MAb's bind the CD20, CD22, CD19, and CD10 antigens 
respectively. A water soluble carbodiimide and N-hydroxysuccinimide 
were used to covalently attach TCPP to immunoglobulin molecules, which 
retained binding specificity and exhibited photodynamic activity subsequent 
to conjugation. Upon light activation, the conjugates showed selective in 
vitro killing of antigen-positive cells, characterized by severe membrane 
damage. Cytotoxicity was studied using the conjugates individually and 
in combination. Results indicated that these photoactive immunoconjugates 
may have utility for ex vivo purging of bone marrow for autologous 
transplantation procedures. 
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PHASE I TRIAL OF 2B1, A BISPECIFIC MURINE MONOCLONAL 
ANTIBODY TARGETING c-erbB-2 AND CD16. L.M Weiner. C<W^ ! 
W. Li. I.E. Palazzo, M. Davey. V. Rivera. R.K. Alpaugb. Fox Chase Cancer 
Center, Philadelphia, PA 191 11 and 1 Chiron Corp., Emeryville, CA 94608. 

Bispecific monoclonal antibodies (BsMAb) can direct tumor lysis bv 
effector cells via defined cytotoxic trigger molecules without competition by 
host IgG. The BsMAb 2B 1 promotes c-erbB-2 tumor cell lysis by human NX 
cells and macrophages expressing CD 16 (i.e.. FcvRIII), and is effective in a 
murine xenograft model. Neutrophils (PMN) abundantly express an isoform 
of CD16 that does not trigger tumor lysis. In a dose-escalating Phase I clinical 
trial, eleven patients with c-ert>B-2(+) tumors and ECOG P.S. = 0 or 1 have 
been treated i.v. with 1 hr BsMAb infusions on days 1,4,5,6.7 and 8. at 1 
mg/m z (n=3), 2.5 mg/m 2 (n=6) or 5.0 mg/m 2 (n=2) 2B 1 per dose. The MTD 
has not been reached. The severity of fevers, rigors, transient Grade 4 
neutropenia and the loss of circulating monocytes and NK cells are not dose- 
dependent. Peak serum levels of TNF (2400 pg/ml), IL-6 (9000 pg/mi), IL-8 
(1 1 pg/ml) and elastase (600 ng/ml) are found l-4h following the start of 
BsMAb infusion. Tumor localization of 1 1 ^-labeled autologous leukocytes 
has been noted. Dose-related peak serum levels of 240-2260 ng/ml murine | 
IgG have been detected, as has HAM A. Circulating 2B1 retains its dual 
binding characteristics and can be found on circulating and peritoneal PMN, 
NK cells and mononuclear phagocytes by flow cytometry. Treatment 
enhances peripheral blood NK activity and LAK precursors, resulting in 
augmented in vitro growth inhibition of c-erbB-2(+) SK-OV-3 cells. A 
clinical response was observed in a patient with an evaluable chest wall 
recurrence of breast cancer. This first clinical trial of a BsMAb targeting 
tumor and CD 16 has demonstrated potent biological effects which may be 
exploited at higher, tumor-binding 2B 1 doses. The role of PMN in promoting 
these effects requires examination. 
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PROTEIN A IMMUNOADSORPTION TREATMENT OF HIGHLY REFRACTORY 
THROMBOCYTOPENIC PURPURA (ITP) . L Anderson . J. H 
Saiers, D. A. Clark, D. R. McKinney. Veterans Affairs 
Medical Center, Albuquerque, NM 87108 

Chronic ITP frequently complicates lymphoid malignancy 
and dysregulation and may be life threatening. We report 
a case of a 70 year old man who had recurrent bleeding 
from lupus -associated ITP refractory to splenectomy and 
immunomodulation with prednisone, cyclophosphamide, 
vincristine, vinblastine, azathioprine, alpha- interferon, 
danazol and cyclosporin, as well as exhaustive 
plasmapheresis. For two years after failure of these 
treatments he received 220gms per month maintenance 
intravenous immune globulin (IVIG) to maintain an average 
platelet count of 35xl0VL (range 8-75xlO»/L) . He was 
then treated with extra- corporeal immunoadsorption of 
2000ml plasma on staphylococcal protein-A silica columns 
(Prosorba) every other, day for six treatments. Four 
weeks after this treatment his platelet count stabilized 
at an average of 29xl0'/L for ten weeks. The patient 
received no IVIG therapy during this period. Since, he 
has required IVIG only for exacerbations of 
thrombocytopenia and bleeding with intercurrent viral 
infection in maintaining an average platelet count of 
26xl0'/L. Prior to immunoadsorption the cost of IVIG 
averaged $4500/month. The cost of IVIG therapy since 
immunoadsorption has decreased by greater than 75%. This 
case emphasizes the efficacy of this treatment modality 
in extraordinarily refractory ITP as well as its 
potential cost-effectiveness. 
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SELECTIVE T-CELL (CD5/CD8) DEPLETION OF BONE MARROW 
UTILIZING POLYSTYRENE DEVICES . L. YU. Department of 
Pediatrics, LSU Medical Center and Children's 
Hospital, New Orleans, LA 

In various animal model systems, it has been 
demonstrated that graft vs. host disease (GVHD) is 
mediated by the mature T- eel Is present in the donor 
marrow inoculum. We report here the use of a simple 
system in which T- cells from bone marrow (BM) are 
depleted through passage on the T25 microcelletor cell 
culture flask (Applied Immune Sciences Inc., Menlo 
Park, CA) a solid phase polystyrene device to which 
monoclonal antibodies to CDS, CDS, and SBA have been 
covalently bound yielding an SBA" (5/8)" cell 
fraction. In this procedure, BM mononuclear cells 
(BMMC) obtained from 15 consecutive malignant patients 
undergoing follow-up BM exams, were incubated with T25 
SBA flasks for l hour. The non- adherent cell 
suspension (SBA") was then incubated with the T25 
CD5/CD8 flasks for another hour. Samples of marrow at 
successive stages of processing were analyzed by 
immunofluorescence using flow cytometry. Recovery of 
non-adherent SBA" (5/8)" cells was 74% after double 
passage over AIS Cel lector system. The mean log T- 
cell depletion was 2.3 (range 2-3). The use of T25 
mi crocel lector - T-cell has the "advantages of 
comparable, if not better cell recovery, ease of 
operation and manipulation in a closed system. 
Clinical trials will determine the relevance of these 
results on engraftment, GVHD, and. immune 
re cons t i t u t i on . 
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ORAL PENTOXIFYLLINE AS INHIBITION OF THE CYTOKINE SYNDROME 
INDUCED BY ANTI-CD3 STIMULATION. O. Wcslv . J. Hank, M. AJbertini. J. 
Schiller, J. Can, K. Oettel, A. Borchcrt, K. Moore. A.M. Bastin, R. Bechhofcr, B. 
Storer, C. Gambacorti, and P.M. Sonde) . University of Wisconsin Comprehensive 
Cancer Center, Madison, W| 53792 

In vivo T lymphocyte stimulation with anli-CD3 monoclonal antibodies 
<OKT3), induces a cytokine syndrome which results from production of large quantities 
of TNFa, IL-2 and IL-6 by the stimulated lymphocyte population. We have conducted 
a Phase I clinical thai of escalating doses of anti-CD3 monoclonal antibodies (from 6 
fig/m* to 3000 jtg/m*) with continuous infusion IL-2 at 3x10* U/M J as immune 
stimulation in patients with advanced malignancies. At the 600 and 3000 figfm 1 anti-CD3 
dose levels patients experienced marked toxicity following antibody infusion 
characterized by hypotension, fever, vasodilation and elevations in serum BUN, 
creatinine and bilirubin. Those patients developing marked symptomatology also showed 
markedly elevated TNFa levels in serum one hour post anti-CD3 administration. In an 
effort to abrogate the clinical toxicity associated with high levels of TNFa, a group of 
4 patients was treated at the 600 pg/m 1 anli-CD3 dose level with oral Pentoxifylline 
(PTX) (at 2 grams daily in 5 divided doses) before, during and after am>CD3 dosing. 
PTX is a methylxanthine shown in vitro to be capable of inhibiting TNFa production 
following antt-CD3 stimulation. Patients in the PTX group appeared clinically more 
stable after anti-CD3 treatment than those patients previously treated with similar doses 
of anti-CD3 but without PTX. The PTX group showed smaller elevations and smaller 
percentage changes from baseline in BUN, Creatinine, and Bilirubin bevels as well as 
more stability in blood press ure determinations. However, statistical significance for the 
differences between the PTX treated and non treated groups was not demonstrated 
possibly reflecting the low numbers of patients treated in the PTX group. Only one of 
four patients on the anti-CD3+PTX regimen was observed to have marked 
symptomatology following anti-CD3 administration, and Gl upset may have impeded this 
patient from receiving all of the planned PTX dose. TNFa levels were found not to be 
lower in the PTX-treated as compared to the PTX -untreated group. Thus our results do 
not prove a correlation between improved clinical outcome and lower TNFa levels. 
Nonetheless as others have documented, PTX can ameliorate some clinical toxicities of 
cytokine treatment. This limited clinical experience indicates PTX may be useful in 
ameliorating toxicities due to the cytokine syndrome following am>CD3 administration. 
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